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A Ciclosporina A (CsA) é uma droga imunossupressora utilizada na terapia pós-
transplante de órgãos e no tratamento de doenças autoimunes. Apesar de sua ampla 
utilização e eficiência como imunossupressora, a CsA causa diversos efeitos colaterais, 
dentre eles nefrotoxicidade, hepatotoxicidade e danos a órgãos do aparelho reprodutor 
masculino. Estes efeitos provavelmente estão relacionados à atividade pró-oxidante do 
medicamento, que causa desequilíbrio entre produção de espécies reativas de oxigênio e 
produção de enzimas antioxidantes. Heteropterys tomentosa, planta nativa do cerrado 
brasileiro, é utilizada popularmente utilizada como tônico, estimulante das funções 
cerebrais e afrodisíaca. A eficiência da infusão de H. tomentosa para atenuar os danos 
causados pela CsA no testículo e próstata ventral de ratos já foi comprovada 
cientificamente. Além disso, H. tomentosa também parece ser eficiente contra a 
hepatotoxicidade induzida por esta droga, analisando-se parâmetros bioquímicos 
plasmáticos. O objetivo deste trabalho foi verificar os efeitos da Ciclosporina A no fígado, 
rim, timo, testículo, epidídimo e próstata ventral de ratos Wistar. Em caso positivo 
determinar se a infusão de H. tomentosa altera tais efeitos. Além disso, objetivamos 
analisar se o tratamento com a infusão de H. tomentosa interfere na capacidade 
imunossupressora da Ciclosporina A. O tratamento com H. tomentosa durante 21 dias 
causou sutis alterações hepáticas nos animais, resultados não encontrados após a 
administração do tratamento com a planta durante 56 dias. O tratamento simultâneo com 
CsA e H. tomentosa causou alterações hepáticas diferentes daquelas dos animais tratados 
somente com CsA. A nefrotoxicidade induzida por CsA foi tempo dependente. O 
tratamento com CsA durante 21 dias causou o aparecimento de pequenos acúmulos de 
substâncias no lúmen dos túbulos da região medular, entretanto não foram observadas 
graves alterações nos demais segmentos tubulares.  Após 56 dias de tratamento foram 
observados acúmulo de substâncias no lúmen de túbulos da região medular do rim. Além 
disso, foram observados pontos de vacuolização citoplasmática em túbulos proximais em 
regiões específicas. Estes efeitos foram observados no grupo tratado somente com CsA e 
no grupo tratado simultaneamente com CsA e H. tomentosa. O tratamento somente com a 




tomentosa não causou efeitos aos testículos, entretanto, após 56 dias de tratamento formam 
observadas alterações no epidídimo e na próstata ventral, resultado não observado no grupo 
CsA+Ht. A contagem de células no sangue periférico evidenciou a imunossupressão 
causada pela Ciclosporina A administrada por 21 ou 56 dias. Mesmo após o tratamento 
conjunto com a infusão e a droga (21 e 56 dias) a imunossupressão foi evidenciada. Além 
disso, a análise do tecido tímico revelou alterações estruturais causadas pela CsA 
administrada isoladamente ou em conjunto com a infusão. Estes resultados revelaram que 
os efeitos colaterais associados ao tratamento com CsA ao rim, epidídimo e próstata ventral 
são tempo-dependentes. Além disso, foi observado que o tratamento com H. tomentosa foi 
capaz de reduzir as alterações causadas pela CsA no epidídimo e na próstata ventral. Este 
estudo revela ainda, que a infusão de H. tomentosa não altera a capacidade 
imunossupressora da Ciclosporina A.  
 









Cyclosporin A (CsA) is an immunosuppressive drug used after organ 
transplantation and against auto immune diseases. Despite CsA widely use as 
immunosuppressant, this drug causes diverse side effects as: nephrotoxicity, hepatotoxicity 
and male reproductive organs (testis and ventral prostate) impairment.  Those CsA-related 
side effects are probably related to the CsA pro oxidant properties that causes imbalance 
among reactive oxygen species generation and antioxidant enzymes production. 
Heteropterys tomentosa, native plant from Brazilian cerrado, a savanna-like biome, is 
popularly used as tonic and stimulant of brain functions and as an aphrodisiac plant. H. 
tomentosa’s efficiency against CsA side effects to the testis and ventral prostate has been 
scientifically proven. Moreover, H. tomentosa either reduced the alterations caused by CsA 
to plasma biochemical parameters that are hepatotoxicity markers. The aim of the present 
study was to evaluate the effects of CsA on the liver, kidney, testis, epididymis, ventral 
prostate and thymus. If there are CsA-induced alterations, we should evaluate whether H. 
tomentosa infusion alters these effects. Lastly we aimed to evaluate if H. tomentosa 
infusion might interfere with the CsA immunosuppressive capacity. CsA treatment for 21 
days caused minor alterations to the liver tissue; this result was not observed after the 
administration of the infusion for 56 days. The simultaneous treatment with CsA and H. 
tomentosa caused hepatic alterations different from those observed in the animals treated 
with only CsA. CsA-induced nephrotoxicity was time related; the kidney of animals treated 
with CsA had a small amount of substances accumulated (casts) in juxtamedullary tubule 
lumina, while alterations to other tubules’ segments were not evident. After 56 days of 
treatment there was huge casts in the juxtamedullary tubules and some proximal tubules 
had vacuolization. These kidney alterations were present in the groups treated with CsA 
and CsA+H. tomentosa. H. tomentosa administration did not affect kidney tissue. The 
treatment with CsA, H. tomentosa and both simultaneously did not caused effects to the 
testis, however, CsA administration for 56 days altered the epididymis and ventral prostate; 
this was not observed after treatment with CsA+H. tomentosa. CsA caused reduction of the 
number of lymphocytes in the peripheral blood after the administration for 21 or 56 days, 




alterations caused by CsA, administered alone or simultaneously with H. tomentosa (for 21 
or 56 days). These results confirm CsA immunosuppression even after the simultaneous 
administration of H. tomentosa. The present study shows that CsA-induced effects to the 
kidney, epididymis and ventral prostate are time dependent. Moreover, the treatment with 
H. tomentosa reduced the alteration caused by CsA to the epididymis and ventral prostate. 
Finally, this study proved that H. tomentosa did not alter the immunosuppressant properties 
of Cyclosporin A. 
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1. INTRODUÇÃO  
1.1. Ciclosporina A (CsA) 
A história da CsA se iniciou com a descoberta de que o extrato bruto dos fungos 
Tolypocladium inflatum Gams e Cylindrocarpon lucidum Booth apresentava ação 
antifúngica associada a um baixo grau de toxicidade, posteriormente, em 1972, Borel 
descobriu a atividade imunossupressora do extrato (Shevach, 1985; Bennett, Norman, 
1986). Em 1973, a CsA foi purificada do extrato bruto dos fungos T. inflatum e C. lucidum 
(Wenger, 1990).  
CsA é um polipeptídeo neutro, hidrofóbico, cíclico com 11 aminoácidos, alguns N-
metilados e com peso molecular de aproximadamente 1202 daltons (Borel, Kis, 1991). 
Possui potente propriedade imunossupressora e tem sido amplamente utilizada na terapia 
após o transplante de órgãos, aumentando as taxas de sobrevivência dos enxertos, no 
tratamento de doenças autoimunes como diabetes tipo I (Bougneres et al., 1988), psoríase 
(Feldman, Garton, 2004) e artrite reumatoide (Langford et al., 1998).  
A atividade imunossupressora da CsA está relacionada ao efeito citotóxico 
específico às subpopulações de linfócitos T citotóxicos e supressores (Hess, Tutschka, 
1980), sem interferir na função dos fagócitos e células tronco hematopoiéticas (Borel et al., 
1989).  
Após entrar na célula alvo, a CsA se liga a uma classe de proteínas intracelulares, 
chamadas Ciclofilinas, sendo a Ciclofilina A a mais abundante nos linfócitos T. Esta 
ligação forma um complexo que inibe a atividade da calcineurina. Inativada, a calcineurina 
fica impossibilitada de desfosforilar o fator de transcrição NFAT (Fator nuclear de ativação 
de células T). Fosforilado, o NFAT não é transportado para o núcleo deixando de ativar a 
transcrição de genes essenciais para a ativação de linfócitos, como o gene que codifica a 
Interleucina 2 (IL-2) (Matsuda, Koyasu, 2000; Langone, Helderman, 2004; Rezzani, 2004).  
Apesar da poderosa propriedade imunossupressora, a CsA tem efeitos colaterais 
tanto em animais experimentais quanto em pacientes. Nefrotoxicidade severa é 
extensivamente documentada e é um fator dose-limitante para administração da CsA 
(Mason, 1990). Além disso, hepatoxicidade, tremor, hipertensão, hiperlipidemia, 




disfunção testicular (Seethalakshmi et al., 1987) e ginecomastia (Rajfer et al., 1987) já 
foram documentados. 
 
1.2. Estrutura hepática e efeitos colaterais da CsA neste órgão 
O fígado é uma glândula acessória ao sistema digestório. Dentre as funções deste 
órgão estão: processamento e armazenamento dos nutrientes absorvidos no trato digestório, 
transformação, acúmulo de metabólitos, neutralização e eliminação de toxinas, produção de 
proteínas plasmáticas (como albumina, protrombina, fibrinogênio e lipoproteínas), 
produção e secreção de bile e produção de hormônios (Santos, 2004). 
O fígado é envolto por uma cápsula contendo fibras colágenas e elásticas (cápsula 
de Glisson) (Santos, 2004). O mais abundante tipo celular deste órgão é o hepatócito que é 
responsável pela execução da maioria das funções hepáticas descritas anteriormente. Os 
hepatócitos se distribuem em cordões que se anastomosam e são intercalados por capilares 
sinusoides. O sangue destes sinusoides é oriundo das arteríolas e vênulas hepáticas e 
seguem em direção à vênula central. A estrutura poliedral formada pelos cordões de 
hepatócitos e que possui no centro a vênula central é chamada lóbulo hepático clássico. Em 
cada lado deste lóbulo existe a tríade hepática que é formada por uma arteríola hepática, 
uma vênula hepática e um ducto biliar. Enquanto o sangue flui nos capilares na direção da 
tríade hepática para a vênula central, a direção do fluxo de bile é oposta; sendo a bile 
excretada no ducto biliar presente na tríade hepática (Kierszenbaum, 2004a). Entre dois ou 
três hepatócitos está localizado o ductulo biliar onde são secretados os componentes que 
irão formar a bile (Kierszenbaum, 2004a).  
Entre os cordões de hepatócitos e os sinusoides há o espaço de Disse, que contém as 
microvilosidades dos hepatócitos e onde ocorre o fluxo de linfa (Kierszenbaum, 2004a; 
Santos, 2004). No espaço de Disse estão localizadas as células estreladas ou de Ito, células 
armazenadoras de lipídeos que contêm inclusões lipídicas ricas em vitamina A (Santos, 
2004). 
No lúmen dos sinusoides hepáticos estão presentes macrófagos, denominados 
células de Kupffer que têm a função de fagocitar/metabolizar eritrócitos senescentes e 




Diversos autores relatam os efeitos da Ciclosporina A no fígado. Whiting et al. 
(1983) observaram que o tratamento com CsA (administrada a ratos na dose de 
25mg/kg/dia durante 49 dias) causou danos à função e estrutura hepática.  De acordo com 
Rezzani et al. (2005a), o tratamento com CsA (administrada a ratos Wistar na dose de 
15mg/kg/dia, via intraperitoneal, durante 30 dias) causou hepatotoxicidade caracterizada 
pela alteração morfológica do tecido hepático, alterações na homeostase de glutationa e 
aumento na expressão de heat shock proteínas. Kurus et al. (2008) observaram que 
alterações na disposição de gordura centrolobular, dilatação de retículo endoplasmático dos 
hepatócitos com perda de ribossomos, colestase e distúrbios metabólicos são resultados da 
hepatotoxicidade associada ao tratamento com CsA (dose 7,5mg/kg/dia, via intraperitoneal, 
administrada durante 28 dias a ratos). O aumento de atividade de diferentes enzimas 
hepáticas (fosfatase alcalina, lactato dehidrogenase e NADPH-diaforase) indica que o 
estresse oxidativo deve estar relacionado à hepatotoxicidade induzida pela CsA (Rezzani, 
2004). 
 
1.3. Estrutura renal e efeitos colaterais da CsA neste órgão  
O sistema urinário nos mamíferos é composto por um par de rins, um par de 
ureteres, uma bexiga e uma uretra (Kierszenbaum, 2004b). 
O rim é um órgão em formato de feijão que possui em sua concavidade a região do 
hilo renal (Junqueira, Carneiro, 2004a). É nesta região que entram e saem vasos sanguíneos 
e linfáticos, nervos e o ureter. Cada rim possui um córtex (externo) e uma medula (interna) 
que diferem funcional e morfologicamente (Kierszenbaum, 2004b). 
A principal função do rim é a filtração do sangue para remoção de diversos resíduos 
do metabolismo e água, eletrólitos e não-eletrólitos em excesso no meio interno (Junqueira, 
Carneiro, 2004a). Os rins também são responsáveis pela produção de hormônios como a 
renina que participa da regulação da pressão sanguínea e eritropoetina que estimula a 
produção de eritrócitos. Além destas funções o rim participa da ativação da vitamina D3 
(um pró-hormônio) em hormônio ativo (Junqueira, Carneiro, 2004a).  
A unidade funcional do rim é o néfron. Esta estrutura é formada por corpúsculo 




de Henle (partes delgada e espessa) e túbulo contorcido distal (Junqueira, Carneiro, 2004a). 
O corpúsculo renal apresenta dois polos: (1) o polo vascular onde entra a arteríola aferente 
e sai a eferente e (2) polo urinário onde se inicia o túbulo contorcido proximal. O glomérulo 
renal (ou tufo arteriolar) é formado pelo enovelado de capilar fenestrado oriundo da 
arteríola aferente. Envolvendo o glomérulo está o folheto interno ou visceral da capsula de 
Bowman que é formado por células denominadas podócitos. Os podócitos possuem 
diversos prolongamentos primários que partem do corpo celular e se ramificam formando 
prolongamentos secundários. Os prolongamentos secundários de diferentes podócitos se 
interdigitam deixando espaços denominados fendas de filtração. A camada externa da 
capsula de Bowman, também denominada camada parietal, é formada por um epitélio 
pavimentoso simples. Entre as duas camadas da capsula de Bowman existe um espaço 
denominado espaço de Bowman que recebe o líquido filtrado através da parede dos 
capilares e da camada visceral da capsula de Bowman (Junqueira, Carneiro, 2004a). 
O filtrado presente no espaço de Bowman segue para o túbulo contorcido proximal 
onde começa o processo de absorção e excreção. Neste túbulo, glicose e aminoácidos 
contidos no filtrado glomerular são absorvidos em sua totalidade, além disso, também é 
absorvida a maior parte da água e cloreto de sódio. O túbulo contorcido proximal também é 
responsável pela secreção de creatinina e excreção de substâncias que não são naturais do 
organismo (por exemplo, a penicilina). Após passar pelo túbulo contorcido proximal o 
filtrado segue para alça de Henle que participa da retenção de água. Já no túbulo contorcido 
distal há absorção de sódio, secreção de potássio, íons hidrogênio e amônia. A urina então 
segue para os túbulos e ductos coletores que desembocam nas papilas e seguem para o 
ureter (Junqueira, Carneiro, 2004a).  
O tratamento com CsA está relacionado à disfunções renais em pacientes durante o 
tratamento pós transplante de rins, coração ou no tratamento contra doenças autoimunes 
(Fellstrom, 2004). A nefrotoxicidade causada pela CsA pode ser resultado da exposição 
aguda ou crônica. A exposição aguda resulta na redução do fluxo sanguíneo e da taxa de 
filtração glomerular e aumento da resistência do sistema vascular renal. Estes sintomas 
parecem estar relacionados ao aumento da atividade da endotelina, dos níveis de 
angiotensina II e da redução de síntese e secreção de óxido nítrico pelas células endoteliais 




o fator transformador de crescimento beta (TGF β), fator de crescimento derivado das 
plaquetas (PDGF), fator de crescimento de fibroblastos (FGF) e fator de necrose tumoral 
alfa (TNF-α) (Fellstrom, 2004). O tratamento progressivo com CsA pode levar a um estágio 
final de falência renal (Fellstrom, 2004).  A nefrotoxicidade causada pela CsA parece estar 
associada ao aumento do estresse oxidativo e o tratamento com substâncias antioxidantes 
pode atenuar a nefrotoxicidade causada por esta droga (Cid et al., 2003; Fellstrom, 2004).  
 
1.4. O sistema reprodutor masculino e os efeitos colaterais da CsA. 
O sistema reprodutor masculino de ratos é composto pelos testículos, glândulas 
acessórias (glândula do ducto deferente, próstata, glândulas vesiculares, glândulas de 
coagulação e glândulas bulbouretrais), ductos (epidídimo, ducto deferente e uretra) e o 
pênis (Komárek, 2000).  
Os testículos são os órgãos responsáveis pela produção de espermatozoides e de 
hormônios, o principal deles é a testosterona. Os espermatozoides produzidos nos túbulos 
seminíferos seguem para a rede testes, formada pelos ductos eferentes. Os ductos eferentes 
se fundem para formar um único ducto que se enovela formando o epidídimo. No 
epidídimo ocorre o amadurecimento dos espermatozoides. A partir do epidídimo o sêmen 
em formação segue pelo ducto deferente onde recebe as secreções das glândulas acessórias 
(Abrahamsohm, 2004).  
O testículo é formado por uma capsula fibrosa chamada albugínea que envolve o 
parênquima testicular. O último é formado por uma série de túbulos seminíferos que se 
enovelam  (compartimento tubular do testículo) e um tecido que se localiza entre estes 
túbulos (compondo o compartimento intertubular ou intersticial do testículo) 
(Abrahamsohm, 2004).  
Os túbulos seminíferos são formados por células da linhagem germinativa e 
somática. As células da linhagem germinativa se encontram nos túbulos seminíferos de 
ratos em diferentes estágios de diferenciação: as espermatogônias que são células basais, 
diploides; os espermatócitos que após iniciada a espermatogênese, sofreram meiose, sendo 
células haploides; e as espermátides que são células em espermiogênese. As células de 
Sertoli são as células da linhagem somática que dão suporte estrutural e nutricional para as 




células de Leydig, responsáveis pela produção de testosterona, os vasos linfáticos e 
sanguíneos e macrófagos (Abrahamsohm, 2004).  
Em roedores da superfamília Muroidea que inclui ratos e camundongos, a próstata é 
dividida em anterior, conhecido como glândula de coagulação, ventral e dorsolateral 
(Risbridger, Taylor, 2006; Setchell, Breed, 2006). O lobo ventral da próstata ou próstata 
ventral é o principal alvo de estudos sobre a ação de andrógenos e carcinogênese prostática 
(Hayashi et al., 1991). A próstata ventral de ratos está localizada abaixo da bexiga (Hayashi 
et al., 1991) e é formada por um conjunto de glândulas secretórias túbulo-alveolares que 
apresentam epitélio pseudoestratificado (Miki, 2010).  
Há diversos relatos na literatura, sobre os efeitos prejudiciais da CsA na fertilidade 
de ratos, com ampla discussão sobre os prejuízos da droga nos testículos (Rajfer et al., 
1987; Seethalakshmi et al., 1987; Seethalakshmi et al., 1988; Seethalakshmi et al., 1989; 
Seethalakshmi et al., 1990a; Seethalakshmi et al., 1990b; Seethalakshmi et al., 1990c; 
Seethalakshmi et al., 1990d; Krueger et al., 1991; Seethalakshmi et al., 1992; Srinivas et 
al., 1998; Masuda et al., 2003). Foram relatadas alterações como: degeneração de células 
nos túbulos seminíferos (Seethalakshmi et al., 1987; Masuda et al., 2003), redução da 
contagem espermática e da fertilidade em animais tratados com doses de 20 e 40mg/kg 
deste medicamento (Seethalakshmi et al., 1987). Monteiro et al. (2008) observaram 
vacuolização e acúmulo de gotículas lipídicas nas células de Sertoli de animais tratados 
com CsA (15mg/kg/dia) durante 56 dias. Além disso, os mesmos autores observaram 
degeneração e vacuolização das células germinativas testiculares e malformação 
acrossomal. 
Em estudo realizado por Rajfer et al. (1987), a administração de CsA em doses 
maiores ou iguais a 15 mg/Kg/dia em ratos, durante um mês, levou à diminuição nos níveis 
séricos e intratesticulares de testosterona, entretanto não foram observadas alterações no 
peso da glândula vesicular e da próstata ventral (que são andrógeno-dependentes). Essas 
doses são administradas a pacientes transplantados e podem explicar o desenvolvimento de 
certos efeitos colaterais da droga, como por exemplo, a ginecomastia, que ocorre como 
resultado de um desequilíbrio na razão de andrógenos periféricos em relação ao estrógeno 




Segundo alguns autores, o tratamento com CsA causa redução no peso da próstata 
(Seethalakshmi et al., 1987; Seethalakshmi et al., 1988). De acordo com Freitas et al. 
(2012a), o tratamento com CsA na dose de 15mg/kg causou redução do peso da próstata 
ventral com redução do volume dos componentes teciduais deste órgão (epitélio secretor, 
lúmen, estroma muscular e não-muscular) e área de citoplasma e núcleo de célula epitelial, 
além de  atrofia do epitélio secretor confirmada pela morfometria. A análise ultraestrutural 
do epitélio prostático de ratos tratados com CsA confirmou a redução na área nuclear e área 
de citoplasma com consequente redução de organelas relacionadas à produção e secreção 
(retículo endoplasmático rugoso e complexo de Golgi) (Freitas et al., 2012a). 
1.5. Estrutura tímica e efeitos da CsA neste órgão 
O timo é um órgão linfoepitelial que difere dos demais órgãos linfáticos, pois não 
apresenta nódulos (Junqueira, Carneiro, 2004b). É um órgão revestido por uma cápsula de 
tecido conjuntivo denso que origina septos separando os lóbulos do timo. Cada lóbulo 
tímico é formado por uma zona cortical que envolve uma zona central, a zona medular. A 
zona cortical é mais densa em linfócitos. A medula é menos densa em células e é onde se 
encontram os corpúsculos de Hassall, formados por células reticulares epiteliais achatadas 
em organização concêntrica (Junqueira, Carneiro, 2004b). As zonas cortical e medular são 
formadas pelos mesmos tipos celulares, porém em proporções diferentes (Junqueira, 
Carneiro, 2004b).  
No timo, o tipo celular predominante são os linfócitos T, em diferentes estágios de 
maturação e as células reticulares epiteliais. Macrófagos também estão presentes, 
principalmente na região cortical. O timo é o local de proliferação, diferenciação e seleção 
de linfócitos T. Este órgão produz diversos fatores de proliferação e diferenciação de 
linfócitos T (como a timosina alfa, timopoetina, timulina e fator tímico humoral), estes 
fatores atuam localmente por secreção parácrina (Junqueira, Carneiro, 2004b). 
Beschorner et al. (1987) trabalhando com a administração de CsA (15mg/kg/dia, via 
subcutânea, durante 7 e 25 dias) a ratos Lewis observou que o tratamento com esta droga 
está relacionado a uma rápida redução do tamanho relativo da medula tímica. De acordo 
com os autores, após 25 dias de tratamento com CsA houve redução no número relativo de 
linfócitos “helper” na medula do timo. Beschorner et al. (1987) observaram ainda a 




acordo com Rezzani et al. (2001) a administração via subcutânea de CsA (15mg/kg/dia 
durante 21 dias) a ratos Wistar causou alterações severas ao timo. Segundo os autores 
houve o completo desaparecimento da medula tímica com redução dos macrófagos 
(Rezzani et al., 2001).  
 
1.6. Heteropterys tomentosa (Nó-de-cachorro)  
Heteropterys tomentosa A. Juss. (sin. Heteropterys aphrodisica O. Mach.) foi 
incluída na família Malpighiaceae por Othon X. B. Machado em 1949 (Corrêa, 1984). Esta 
planta é típica do cerrado de Mato Grosso, Goiás e norte de Minas Gerais. É uma espécie 
arbustiva, de 0,2 a 2,0 metros de altura (Barroso et al., 1999) cujas raízes são alongadas 
com constrições (Figura 1). H. tomentosa é conhecida popularmente como nó-de-cachorro, 
raiz de Santo Antônio e cordão de São Francisco (Pott, Pott, 1994; Guarim Neto, 1996). 
A raiz é a parte da planta mais utilizada popularmente como medicamento; sendo 
administrada como afrodisíaca, contra debilidades do sistema nervoso (Corrêa, 1984; Pott, 
Pott, 1994) e como hipoglicemiante no tratamento do diabetes (Neto, Morais, 2003; 
Macedo, Ferreira, 2004). H. tomentosa, do ponto de vista etnobotânico, é um dos mais 
famosos afrodisíacos do centro-oeste brasileiro (Pott, Pott, 1994; Guarim Neto, 1996).  
De acordo com Rizzini (1983) as raízes de H. tomentosa são estimulantes e fazem 
parte de um elenco de 65 espécies de plantas com princípios psicoativos conhecidos no 
Brasil. Guarim Neto (1996), em seus estudos etnobotânicos realizados em 25 cidades do 
estado do Mato Grosso, relata que o chá preparado com as raízes desta planta é empregado 
como depurativo do sangue, dentre outras indicações. Entretanto, o emprego mais 
difundido é sob a forma de “garrafadas”, tidas como afrodisíacas.  
Chieregatto (2005) observou que ratos tratados com H. tomentosa apresentaram 
aumento no peso corporal, inferindo um possível aumento dos níveis plasmáticos de 
testosterona que teria causado esse efeito anabolizante. Monteiro (2007) também obteve 
resultados semelhantes, tendo observado aumento nos níveis plasmáticos de testosterona 
que poderiam estar relacionados ao efeito anabólico desta planta sobre os ratos, apesar de 
não ter observado alteração no peso dos órgãos sexuais assessórios. Monteiro et al. (2011) 




tomentosa sobre este tecido. De acordo com os autores, animais exercitados tratados com a 
planta apresentaram tendões mais resistentes. 
Estudos com homogenato de cérebro de rato sugeriu que o extrato liofilizado de H. 
tomentosa possui componentes que inibem a interação de radicais livres com biomoléculas 
presentes no cérebro. Além disso, o tratamento com este extrato aumentou a quantidade das 





Figura 1. Imagens de Heteropterys tomentosa. Esta planta possui porte arbustivo (A). As 
demais imagens mostram detalhes das flores (B), frutos (C) e raízes (D) da planta. Fotos 




Manganês-dependente) e CuZnSOD (Superóxido Dismutase Cobre e Zinco-dependente) no 
cérebro de ratos velhos (Mattei et al., 2001). Por fim, o tratamento de ratos velhos com 
extrato liofilizado de H. tomentosa se mostrou eficiente na restauração dos danos relativos 
à memória destes animais (Galvão et al., 2002). 
Neto, Morais (2003) trabalhando com diferentes espécies de plantas medicinais do 
cerrado, no estado do Mato Grosso, constatou o uso popular de H. tomentosa contra o 
diabetes mellitus. Este uso de H. tomentosa também foi reportado por Macedo, Ferreira 
(2004) que trabalhou com 17 comunidades tradicionais não indígenas no Mato Grosso. 
Além disso, estudo de Freitas et al. (2013) demonstrou que a infusão de H. tomentosa foi 
eficiente na normalização dos níveis plasmáticos de glicose em ratos que apresentaram 
hiperglicemia devido ao tratamento por Ciclosporina A. 
 
1.7. Antioxidantes e a Ciclosporina A 
Diversos trabalhos confirmam a ação de substâncias antioxidantes no combate aos 
efeitos colaterais causados pela CsA.  
Cid et al. (2003) comprovaram a eficiência da vitamina E na inibição da síntese de 
espécies reativas de oxigênio e tromboxano (substância com propriedades pró-inflamatórias 
e vasoconstritoras) no rim. Mohamadin et al. (2005) demonstraram que o extrato de chá 
verde foi eficiente para proteger o rim contra a toxicidade induzida pela CsA em ratos. De 
acordo com os autores, a proteção conferida pelo chá verde está relacionada à capacidade 
de restaurar a atividade da maquinaria antioxidante, das enzimas lisossomais e evitar a 
peroxidação de lipídeos causada pela CsA. Buffoli et al. (2005) confirmaram a proteção 
conferida por um composto extraído de vinho tinto (Provinol) contra a nefrotoxicidade e 
aumento da pressão sistólica induzida pela CsA. De acordo com os autores esta proteção 
deve estar relacionada tanto à redução do estresse oxidativo como à expressão de NO-
sintase induzível. Também já foi estudada a eficiência do ácido α-lipoico na redução da 
disfunção renal causada pela CsA (Amudha et al., 2006). Além disso, foi reportada a 
eficiência dos tratamentos com carvedilol (droga com potencial antioxidante utilizada na 
terapia para controle de hipertensão) (Kotolová et al., 2006) e Allium ascalonicum (vegetal 
do mesmo gênero da cebola) (Wongmekiat et al., 2008) na redução da nefrotoxicidade 




Andres, Cascales (2002) trabalhando com cultura de hepatócitos incubados com 
CsA e vitamina E, observaram que esta vitamina reduziu o stress oxidativo induzido pela 
droga, inibindo a peroxidação lipídica. Rezzani et al. (2005a) observaram que a Melatonina 
conferiu hepatoproteção contra o estresse oxidativo induzido pela CsA. 
De acordo com Türk et al. (2007), o licopeno tem potencial efeito protetor contra os 
danos testiculares associados à indução de estresse oxidativo causado pela CsA. Além 
disso, Turk et al. (2010) observaram que o tratamento com o ácido elágico atenuou os 
danos estruturais e funcionais causados ao tecido testicular e a redução da qualidade 
espermática de ratos tratados com CsA (danos relacionados a indução de estresse oxidativo 
induzido pela droga). 
Além dos já citados, já foi comprovada a eficiência de Silibinina (um extrato de 
planta com propriedade antioxidante e estabilizadora de membrana) contra a toxicidade 
induzida pela CsA ao pâncreas exócrino (Von Schonfeld et al., 1997); e do ácido cafeico 
(Rezzani et al., 2005b) e melatonina (Rezzani et al., 2006) contra a cardiotoxicidade 
induzida pela CsA.  
 
1.8. Heteropterys tomentosa e a Ciclosporina A 
Em estudo realizado por Monteiro et al. (2008), o tratamento com H. tomentosa foi 
efetivo para manter a estrutura testicular de ratos tratados com CsA, utilizando-se análises 
morfométrica, estrutural e ultraestrutural. Os autores observaram que as alterações 
testiculares causadas pela CsA não estavam presentes após o tratamento associado com 
CsA e H. tomentosa. 
Freitas et al. (2013) observaram que o tratamento com H. tomentosa em associação 
à CsA manteve o peso da próstata, volume dos elementos teciduais (lúmen, epitélio 
secretor, estroma muscular e não muscular), espessura do epitélio secretor e volume de 
célula epitelial (núcleo e citoplasma) que foram reduzidos pelo tratamento com CsA 
(Freitas et al., 2013). 
Além disso, Freitas et al. (2013) observaram que a infusão de H. tomentosa 
administrada simultaneamente a CsA foi eficiente na manutenção do nível plasmático de 
triglicérides e glicose que se mostravam aumentados em animais tratados com CsA. Além 




glutâmico-pirúvica, bilirrubina indireta além de menor peso do fígado em animais com 
tratamento conjunto quando comparados àqueles tratados somente com CsA. Estes 
resultados indicam efeito hepatoprotetor de H. tomentosa contra os danos causados pela 
CsA (Freitas et al., 2013). 
O tratamento com CsA é fundamental na terapia pós-transplante de órgãos e no 
combate a doenças auto-imunes, entretanto causa diversos efeitos colaterais que podem 
estar relacionados ao aumento do estresse oxidativo. Devido à importância clínica desta 
droga, diversas pesquisas buscam por substâncias capazes de amenizar seus efeitos 
colaterais. A eficiência do tratamento com infusão de H. tomentosa contra os danos 
causados pela Ciclosporina A foi comprovada nos testículos (Monteiro et al., 2008) e na 
próstata ventral (Freitas et al., 2013). No entanto era necessário a confirmação destes 
resultados e a avaliação da resposta do tecido hepático e renal ao tratamento concomitante 
com CsA e H. tomentosa. Apesar dos resultados até agora publicados, ainda não havia sido 
avaliado se o tratamento concomitante com H. tomentosa altera a capacidade 




2.  OBJETIVOS 
 Verificar os efeitos da CsA no fígado, rim, testículo, epidídimo e próstata ventral. Caso 
haja efeitos colaterais, determinar se a infusão de Heteropterys tomentosa reduz tais 
danos. 
 Analisar se o tratamento com a infusão de Heteropterys tomentosa interfere na 







3. METODOLOGIA GERAL 
3.1. Material botânico 
As raízes de Heteropterys tomentosa foram coletadas de plantas cultivadas por três 
anos no Horto de Plantas Medicinais da Embrapa Pantanal (Corumbá, MS) – Unidade da 
Empresa Brasileira de Pesquisa Agropecuária, vinculada ao Ministério da Agricultura, 
Pecuária e Abastecimento, localizado na área de projetos sociais da Empresa Brasileira de 
Infraestrutura Aeroportuária – INFRAERO, Superintendência de Corumbá, MS. O canteiro 
foi inicialmente preparado com solo (vermelho - escuro com argila de alta intensidade) e 
composto orgânico produzido no próprio local a partir de restos vegetais (podas de plantas, 
roçadas e capinas) e esterco de gado (criação extensiva). Para as adubações de cobertura foi 
utilizado esse mesmo composto orgânico, realizadas a cada seis meses com 
aproximadamente 9 kg/m
2
. A irrigação foi feita manualmente com regador uma vez por dia. 
O volume de água utilizado esteve ao redor de 8L/m
2
.  A eliminação de plantas indesejáveis 
era feita quinzenalmente com capina manual. Durante o período de cultivo, não foi 
necessário nenhum tipo controle de pragas. 
 
3.2. Preparo da infusão de Heteropterys tomentosa 
As raízes da planta foram secas à temperatura ambiente, protegidas da incidência 
direta de luz solar. Foram feitas infusões das raízes moídas (75,76g de raiz para 1kg de 
peso corporal dos animais) em 100 mL de água destilada em ponto de fervura. A infusão 
permaneceu em repouso por quatro horas, sendo então filtrada e armazenada em geladeira 
por até dois dias. A cada semana, os animais foram pesados com balança de precisão 
(0,001g) para cálculo da concentração da infusão a ser preparada. O modo de preparo da 
infusão foi de acordo com aquele realizado em estudos prévios (Monteiro et al., 2008; 
Gomes et al., 2011; Monteiro et al., 2011; Freitas et al., 2013). 
 
3.3. Ciclosporina A 
 A Ciclosporina A (Sandimmun Neoral – Solução oral, 100mg/ml - Novartis 




indicada pelo fabricante para o tratamento após o transplante de órgãos e foi utilizada em 
estudos anteriores (Monteiro et al., 2008; Freitas et al., 2012a; 2013). 
 
3.4. Animais e caracterização dos grupos experimentais 
Todas as etapas subsequentes foram realizadas na Universidade Estadual de 
Campinas (Unicamp). 
Para este trabalho, ratos Wistar (Rattus norvegicus albinus) foram obtidos do Centro 
Multidisciplinar de Investigação Biológica (CEMIB), Unicamp. A alimentação (ração 
comercial) e água foram fornecidas ad libitum e os animais foram mantidos em condições 
de luminosidade de 12h de luz/12h de escuro. O tratamento foi iniciado quando os animais 
atingiram oito semanas de idade. Os grupos foram: 
Grupo CG – Controle (água destilada, 0,5mL/dia/animal); 
Grupo CsA – Ciclosporina A (15mg/kg/dia diluída em 0,5mL de água destilada); 
Grupo Ht – H. tomentosa (0,5mL/dia); 
Grupo CsA+Ht – Ciclosporina A + H. tomentosa (15mg/kg/dia diluída em 0,5mL 
de infusão de H. tomentosa); 
Vinte (20) animais (5 por grupo) foram tratados diariamente, por 21 dias. Além 
disso, outros vinte animais (5 por grupo) foram tratados diariamente, por 56 dias. Os 
tratamentos foram realizados por gavagem. 
 Os animais foram mantidos no Biotério do Departamento de Biologia Celular e 
Funcional e manipulados de acordo com as normas do Sociedade Brasileira de Ciências em 
Animais de Laboratório (SBCAL/COBEA). O projeto foi submetido à análise da Comissão 
de Ética do Instituto de Biologia da UNICAMP e foi aprovado com número de protocolo 
2295-1. 
  
3.5. Coleta de material biológico 
Vinte e quatro horas após o término dos experimentos, no período de 8 às 10 horas 
da manhã os animais receberam anestesia intramuscular, na coxa posterior esquerda, com 




foi realizada a eutanásia dos mesmos por aprofundamento da anestesia. O sangue foi 
coletado por punção cardíaca no ventrículo esquerdo.  
Foram coletados fígado, rim, testículo, próstata ventral, epidídimo e timo. Fígado, 
rim, testículo, próstata ventral e epidídimo foram pesados.  
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Com o desenvolvimento deste projeto foram redigidos os seguintes manuscritos: 
 
5.1. Heteropterys tomentosa (A. Juss.): A Brazilian native species with diverse 
medicinal properties. 
 
5.2. Did Cyclosporin A cause side effects in the rat liver? Could Heteropterys 
tomentosa administration attenuate or accentuate these effects? 
 
5.3. Cyclosporin A side effects on the kidney of Wistar rats. Could Heteropterys 
tomentosa interfere with those effects? 
 
5.4. Structure of male reproductive organs of rats treated with Cyclosporin A 
and/or Heteropterys tomentosa. 
 












5.1. Heteropterys tomentosa (A. Juss.): A Brazilian native plant 




Heteropterys tomentosa A. Juss., Malpighiaceae (sin. Heteropterys aphrodisiaca O. 
Mach.) is a Brazilian native plant used by the local population as an aphrodisiac, 
hypoglycemic and to treat nervous debilities and nervous breakdown. Recently, studies of 
H. tomentosa application as a medicinal plant have increased. The scientifically proven 
effects of this plant include: aphrodisiac, anabolic, hypoglycemic and antioxidant 
properties. Benefits to male reproduction and improved learning and memory in aged rats 
have been demonstrated. The presence of antibiotic and antiviral compounds, as well as the 
application of the plant extract to counteract testicular and ventral prostate side effects 
associated with Cyclosporin A (an immunosuppressive drug) administration have been 
reported. Despite these studies carried out, its medicinal properties of this plant must be 
further investigated. H. tomentosa may have potential to counteract the damage caused by 
an increase in reactive species of oxygen, in the treatment of diabetes and diseases caused 
by fungi, bacteria and virus. 
 








Brazil is a tropical country with a huge diversity of plant species. The Brazilian 
“Cerrado” (a savannah like biome) is an almost exclusively Brazilian biome, except for its 
presence in small regions of Bolivia and Paraguay (Neto, Morais, 2003). Despite the large 
plant diversity identified in this biome, the number of studies concerning the identification 
of useful medicine plants are few (Neto, Morais, 2003). 
Heteropterys tomentosa A. Juss. (sin Heteropterys aphrodisiaca O. Mach.) (Araújo 
et al., 2010; Arruda et al., 2011; Coelho et al., 2011) is a native Brazilian plant found in the 
Brazilian “Cerrado” (Neto, Morais, 2003). This plant species is popularly known as “nó-
de-cachorro” and “raiz-de-Santo-Antônio”. H. tomentosa is a shrubby plant, 20-200 cm in 
height (Barroso et al., 1999). Its roots are elongated, with constrictions. 
The roots of H. tomentosa are the part of the plant most commonly used by the local 
population as a medicine (Coelho et al., 2011). There are many popular uses for H. 
tomentosa, among which are: an aphrodisiac agent, to combat nervous debilities and 
nervous breakdown (Corrêa, 1984; Pott, Pott, 1994) and a hypoglycemic agent in the 
treatment of diabetes (Neto, Morais, 2003; Macedo, Ferreira, 2004). The medicinal 
properties of H. tomentosa reported are summarized in Table 1. 
 
ROOT EXTRACT PREPARATION AND COMPOSITION 
 
Research regarding H. tomentosa has used different preparation procedures to 
obtain an extract. Mattei et al. (2001), Galvao et al. (2002) and Galvão et al. (2011) worked 
with a lyophilized extract (BST 0298) prepared by tube extraction using 50% water-ethanol 
solvent. Chieregatto (2005), Monteiro et al. (2008), Monteiro et al. (2010), Gomes et al. 
(2011), Monteiro et al. (2011), Freitas et al. (2012b), Freitas et al. (2013) Chieregatto 
(2005) used a crude extract prepared as the traditional folk infusion. Finally, Júnior et al. 
(2005) and  Melo et al. (2008) worked with a compound obtained from H. tomentosa roots.  
Marques et al. (2007) observed that the water was the best extractor liquid for the 
extractable solids present in H. tomentosa roots. According to the authors, it demonstrated 




al. (2002), phytochemical analyses of an H. tomentosa root extract (designated BST0298) 
revealed the presence of flavonoid glycosides, cardiac glycosides with a steroidal nucleus, 
aromatic glycosides, cardiac glycosides with a pentagonal lactonic ring, saponins, 
hydrolysable, condensed tannins and aliphatic nitro compounds.  Marques et al. (2007) 
observed the presence of the substances neoastilbin, astilbin and isoastilbin in a hydro-
alcoholic extract of H. tomentosa roots. The presence of a high quantity of polyphenols in 
the roots was shown by Marques et al. (2007) using microchemical tests with ferric 
chloride; extracts of root dye (red-brown) and the presence of astringent components  
(Marques et al., 2007).  
 
H. tomentosa: APHRODISIAC, ANABOLIC PROPERTIES AND THE 
EFFECT ON MALE REPRODUCTION. 
 
H. tomentosa has been used by the native population as an aphrodisiac drink 
(Corrêa, 1984; Pott, Pott, 1994), and it is probably due to this property that the plant 
received the name H. aphrodisiaca. 
Chieregatto (2005) observed that the treatment with H. tomentosa roots infusion 
caused Leydig cell hypertrophy (cells responsible for testosterone production in the testes) 
and an increase of Wistar rat body weight. The author associated the Leydig cell 
hypertrophy with a possible increase of testosterone production that exerted anabolic 
effects on the muscle mass of the animals, resulting in body weight increase. 
Monteiro et al. (2008) observed higher individual volume of Leydig cells in rats 
treated with H. tomentosa infusion confirming the results obtained by Chieregatto (2005). 
However, Monteiro et al. (2008) did not observe alterations of the animals’ body weight. 
Monteiro et al. (2008) made the first ultrastructural study of rat testis after treatment with 
H. tomentosa. They observed the loss of germ cell attachment in the seminiferous 
epithelium and the expansion of intercellular spaces caused by the infusion. The authors 
associated these results with a possible disruption of cytoskeletal elements or an increase in 
fluid secretion caused by H. tomentosa (Monteiro et al., 2008). 
Another study regarding the effects of H. tomentosa infusion on the testes was 




to have higher testosterone levels in peripheral blood. Gomes et al. (2011) observed higher 
spermatogenic yield associated with the H. tomenosa treatment; the authors  did not 
encounter impairment of the seminiferous epithelium after treatment with H. tomentosa.  
Despite the interesting results obtained in the testes of rats treated with H. 
tomentosa, Freitas et al. (2012b) working with the ventral prostate (an androgen responsive 
gland) of Wistar rats did not observe any alteration of structure, ultra structure, androgen 
receptor expression or apoptotic index after treatment with the infusion. 
Monteiro et al. (2011) working with tendons of exercised rats confirmed the 
anabolic properties of H. tomentosa infusion. The authors observed that exercised animals 
treated with H. tomentosa infusion had more resistant tendons (collagen molecules 
increased in quantity and organization). Monteiro et al. (2010) observed that the treatment 
with H. tomentosa to endurance exercised animals increased tibiae yield load and stress. 
Regarding the effects of H. tomentosa to the muscle tissue, Monteiro (2010) observed that 
the association of the plant infusion and endurance exercise increased the volumetric 
density of mitochondria and capillaries in the muscle cells and increased the muscle 
vascular system. This author either observed that H. tomentosa increased the concentration 
of androgen receptors on muscle cells and plasma testosterone of sedentary animals 
(Monteiro, 2010). 
 
H. tomentosa: ANTIOXIDANT PROPERTIES AND EFFECTS ON THE 
CENTRAL NERVOUS SYSTEM 
 
According to the ethnopharmacological survey carried out by Rodrigues, Carlini 
(2004), H. tomentosa is used by Brazilian “Quilombolas” (descendants from runaway 
slaves) for rejuvenation. 
Mattei et al. (2001) working with a lyophilized extract of H. tomentosa roots (BST 
0298) observed, in vitro, that the extract has components that inhibit the interaction of free 
radicals with biomolecules present in rat brain homogenates.  These authors also observed 
the efficiency of H. tomentosa to inhibit endogenous oxidative lesions and lipid oxidation 




increase of total levels of the antioxidant enzymes: superoxide dismutase, Manganese-
dependent superoxide dismutase and Copper-Zink superoxide dismutase. 
Galvão et al. (2002; 2011) reported that the treatment with H. tomentosa extract 
(BST0298) improved the memory of aged rats. The authors also found that the learning 
capacity of aged rats after the treatment with the extract was practically equal to that of 
young animals and higher than the capacity of untreated aged rats. According to Galvão et 
al. (2002) the loss of learning and memory abilities in aged rats had already occurred before 
the beginning of the treatment. Therefore, the authors claimed that it was not the 
antioxidant properties of H. tomentosa that caused the benefit to the aged rats, rather the 
extract might have another biological property which should be further studied. In any case, 
according to Galvão et al. (2011), the antioxidant activity of H. tomentosa extract could be 
beneficial to memory. 
 
H. tomentosa: HYPOGLYCEMIANT PROPERTIES 
 
Neto, Morais (2003) working with the medicinal resources of species from the 
“Cerrado” on the Mato Grosso state, Brazil, listed Heteropterys tomentosa as a plant 
popularly used against diabetes mellitus. 
The popular use of H. tomentosa as hypoglycemiant was also reported by Macedo, 
Ferreira (2004). The authors worked with 17 traditional non-indigenous communities in 
Brazil (15 in High Paraguay Bay and 2 in Guaporé Valley, both in Mato Grosso state) and 
identified 17 vegetal species used for diabetes’ treatment, including H. tomentosa. 
A recent study (Freitas et al., 2013) shows that the administration of H. tomentosa 
infusion reduced plasma glucose levels of rats after treatment with Cyclosporin A, which is 
an immunosuppressive drug that causes hyperglycemia. 
 
H. tomentosa: RELIEVING CYCLOSPORIN A (CsA) ASSOCIATED SIDE 
EFFECTS 
 
Cyclosporin A (CsA) is an immunosuppressive drug widely used after organ 




the testis (Rajfer et al., 1987; Seethalakshmi et al., 1990; Krueger et al., 1991; Srinivas et 
al., 1998; Masuda et al., 2003; Monteiro et al., 2008) and ventral prostate (Freitas et al., 
2012a). CsA-side effects on the male reproductive tract can be related to the reduction of 
testosterone levels (Rajfer et al., 1987; Krueger et al., 1991; Freitas et al., 2012a). Pro-
oxidative action of CsA is also reported in the literature (Hagar, 2004; Amudha et al., 2006; 
Rezzani, 2006). 
Monteiro et al. (2008) observed that the typical morphometric and ultrastructural 
alterations caused by CsA to rat testes were not present after simultaneous treatment with 
H. tomentosa and CsA. The authors suggested that the association of H. tomentosa and CsA 
was effective to avoid CsA effects on rat testis, maintaining the organ structure. 
H. tomentosa infusion also protects the ventral prostate tissue against structural 
damage caused by CsA (Freitas et al., 2013). This result could be related to the ability of H. 
tomentosa to maintain testosterone and glucose plasma levels in the animals even after 
treatment with the drug; or due to the antioxidant properties of this plant (Freitas et al., 
2013). 
 
H. tomentosa: ANTIBIOTIC AND ANTI-VIRAL PROPERTIES 
 
Another property of H. tomentosa that has been studied is its anti-biotic and anti-
viral activities. 
Júnior et al. (2005) has isolated the aliphatic nitro compound “2,3,4,6-tetra-O-(3-
nitropropanoyl)-O-β-D-glucopyranoside” (NC) (Figure 1) from H. tomentosa roots; the 
authors confirmed the efficiency of this compound against Staphylococcus aureus, Bacillus 
subtilis, Candida albicans, C. parapsilosis, C. krusei  and  C. tropicalis. According to the 
authors the antifungal activity of the compound was stronger than the antibacterial activity. 
 Later, Melo et al. (2008) published their results evaluating the effects of the same 
aliphatic nitro compound on the proliferation of two viruses: bovine herpes virus type 1 and 
poliovirus type 1. The authors did not find antiviral effect for NC when the viruses and 
cells were pre-treated. They suggested that NC did not inactivate the viruses directly or 




virus replication; they observed a direct correlation between the compound concentration 






CHALLENGES AND PERSPECTIVES 
 
Plants collected in different places and periods can be the key to the differences 
found in plant extract compounds. Marques et al. (2007) observed that the accumulation of 
water and other compounds vary with the season.  These differences may compromise the 
reproduction of the results. The use of compounds isolated from H. tomentosa (Júnior et al., 
2005; Melo et al., 2008) could avoid the differences due to the methodology used to 
prepare the extract, the plants’ age, the harvest season, as well as weather and geographic 
variations. 
The methodology used to prepare the extract varies according to the research group 
and it can be difficult to compare of the results obtained. Some studies with H. tomentosa 
worked with a crude extract, without an evaluation of its extract compounds. 
Finally, the isolation of compounds with biological properties from H. tomentosa 




The scientific studies of the potential of H. tomentosa as a medicinal plant remain 
scarce in the literature. However, the papers already published show a large therapeutic 
importance of H. tomentosa in different fields. 
The efficiency of H. tomentosa extract as an antioxidant could be studied with 
different applications to reduce impairment associated with increase of oxidative stress 
caused by aging (and related diseases), of intoxication by heavy metals, drugs 




studied and useful in future diabetes treatment. The use of the nitro compound extract from 
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 Table 1. Medicinal applications of Heteropterys tomentosa roots 























Aphrodisiac agent (Corrêa, 1984; Pott, Pott, 1994; Chieregatto, 2005) 
Improvement of Leydig cells (producers of testosterone), and 
increased testosterone production.  
(Chieregatto, 2005; Monteiro, 2010; Gomes et al., 2011) 
Anabolic agent (Chieregatto, 2005; Gomes et al., 2011) 
Treatment of injuries of the central nervous system (Mattei et al., 2001; Galvão et al., 2002) 
Antioxidant (Mattei et al., 2001; Galvão et al., 2002) 
Hypoglycemiant 
(Neto, Morais, 2003; Macedo, Ferreira, 2004; Freitas et al., 
2013) 
Against Cyclosporin A associated side effects (Monteiro et al., 2008; Monteiro, 2010; Freitas et al., 2013) 















Cyclosporin A (CsA) is a widely employed immunosuppressive drug that is 
associated with several side effects, which include hepatotoxicity. Heteropterys tomentosa 
is a Brazilian plant efficient in reducing damage caused by CsA on the rat testis and 
prostate. The aim of this study was to evaluate the effect of CsA and H. tomentosa 
(administered isolated or simultaneously) on the liver of Wistar rats. The animals were 
treated daily with water (control), CsA (15mg/kg/day), H. tomentosa infusion or CsA+H. 
tomentosa, for 21 or 56 days. The treatments did not alter liver morphology or cause 
fibrosis. H. tomentosa administered for 21 days increased the number of hepatocyte nuclei 
and Kupffer cell volumetric proportion. After 56 days of treatment, H. tomentosa 
administration did not alter the parameters analyzed. Biochemical plasma dosages and liver 
stereology showed impairment caused by CsA-treatment after 21 days; these results were 
not observed after 56 days of treatment. The simultaneous treatment with CsA and H. 
tomentosa for 21 or 56 days did not alleviate nor accentuate CsA hepatic effects. The 
present study showed that the 21 days treatment with CsA caused more damage to the liver 
than the 56 days treatment; this could be related to hepatic recovery after the long term 
treatment. 
 








Cyclosporin A (CsA) is a neutral, hydrophobic, cyclic peptide with 11 amino acids 
that is administered as an immunosuppressant drug (Shevach, 1985; Matsuda, Koyasu, 
2000). This drug is widely used to treat autoimmune diseases, being associated with 
reduction of the number of hospitalization days for transplanted patients and of rejection 
episodes (Rezzani, 2004). However, several side effects are associated with CsA treatment 
such as: nephrotoxicity (Bertani et al., 1987; Baliga et al., 1997; Fellstrom, 2004; Rezzani, 
2004; Hagar et al., 2006; Josephine et al., 2006; Rezzani et al., 2006b; Josephine et al., 
2007), hepatotoxicity (Durak et al., 2004; Hagar, 2004; Rezzani, 2004; Rezzani, 2006; 
Kurus et al., 2008; Bohmer et al., 2011), testicular dysfunction (Monteiro et al., 2008) and 
damages to the ventral prostate (Freitas et al., 2012a). Most of these are related to the 
increase of reactive oxygen species (Wolf et al., 1997; Buffoli et al., 2005; Rezzani, 2006), 
that causes damage to tissue structure and functional disorders (Whiting et al., 1983).   
Several researchers have investigated substances that reduce CsA side effects 
(Rezzani et al., 2001; Parra Cid et al., 2003; Rezzani, 2006; Rezzani et al., 2006a; Rezzani 
et al., 2006b; Monteiro et al., 2008a; Wongmekiat et al., 2008). Heteropterys tomentosa A. 
Juss. (sin. Heteropterys aphrodisiaca O. Mach.), a native species from the Brazilian 
“Cerrado” (a savannah-like biome), is used by the local population as a hypoglycemiant to 
treat diabetes (Guarim Neto, Morais, 2003; Macedo, Ferreira, 2004), as an aphrodisiac and 
to treat nervous weakness and collapse (Corrêa, 1984; Pott, Pott, 1994). The antioxidant 
properties of H. tomentosa root extract (BST0298) were demonstrated by Mattei et al. 




aged rats (Galvão et al., 2002). H. tomentosa root infusion has been successfully used to 
reduce CsA-related effects on testicular tissue (Monteiro et al., 2008), ventral prostate and 
biochemical parameters related to hepatotoxicity:  plasma levels of glutamic oxaloacetic 
transaminase, total and indirect bilirubin and cholesterol  (Freitas et al., 2013). 
Considering the well documented hepatic damage caused by CsA, which is 
probably due to oxidative stress, and the potential of H. tomentosa as an antioxidant, we 
investigated the potential benefits of using this medicinal plant against the CsA-related 
hepatotoxicity. The following aspects were studied: (1) determination of CsA side effects 
on the liver structure and function; (2) evaluation of hepatotoxicity caused by H. tomentosa 
intake; (3) effects of simultaneous treatment with CsA and H. tomentosa. 
  
MATERIAL AND METHODS 
 
Preparation of the treatment solutions 
The methodology used for infusion preparation was the same as that used by 
previous authors (Monteiro et al., 2008; Gomes et al., 2011; Monteiro et al., 2011; Freitas 
et al., 2012b; Freitas et al., 2013). In brief, Heteropterys tomentosa A. Juss. (sin. 
Heteropterys aphrodisiaca O. Mach., herbarium CPAP number 21625) roots were obtained 
from plants cultivated by Embrapa Pantanal in Corumbá, MS, Brazil. The plants were 
grown in controlled conditions of soil, fertilization and irrigation, without insecticides. The 
roots were harvested, dried and ground.  The infusion was prepared immersing ground 
roots (75.76mg/kg of body weight) in 100mL of boiled water; the animals’ weight was used 
to calculate quantity of ground roots. The infusion was maintained at room temperature for 




Cyclosporin A (Sandimmun Neoral®, Novartis Pharma AG, Switzerland) was 
administered in a therapeutic dose (15mg/kg body weight) as in previous studies (Chung et 
al., 2005; Kotolová et al., 2006; Monteiro et al., 2008; Bohmer et al., 2011; Freitas et al., 
2012a; 2013). 
 
Experimental animals and protocol 
This experimental protocol was carried out according to the standards of the 
Brazilian Society for Laboratory Animals Sciences (SBCAL/COBEA) and was approved 
by the Ethics Committee for Animal Studies of the State University of Campinas (Protocol 
number 2295-1). The treatment protocol was similar to that previously employed (Monteiro 
et al., 2008; Freitas et al., 2013).  
Forty Wistar rats (Rattus norvegicus albinus), eight weeks old, were obtained from 
the Multi-research Center for Biological Investigation of Laboratory Animal - CEMIB 
(State University of Campinas, Campinas - SP, Brazil) and maintained under standard 
conditions with 12h light/dark periods, fed with commercial chow and water “ad libitum”. 
They were separated into two groups of 20 animals each. One group was treated for 21 
days and the other for 56 days. In each group, the animals were separated in 4 subgroups 
(n=5 in each): Control groups (CG) received 0.5mL of distilled water; CsA-treated groups 
(CsA) received CsA diluted in 0.5 mL distilled water; H. tomentosa treated groups (Ht) 
received 0.5mL of infusion; and groups treated with CsA and H. tomentosa (CsA+Ht) 
received the CsA dose diluted in 0.5 mL of infusion. All treatments were administered 




The administrations of CsA for 21 (Buffoli et al., 2005; Rezzani et al., 2005b; 
Rezzani et al., 2006a; Türk et al., 2007) or 56 days (Monteiro et al., 2008b; Freitas et al., 
2012a; 2013) was chosen according the reported in the literature. 
 
Collection of the biological samples 
The animals were weighed and anesthetized with Xylazine and Ketamine (5 and 80 
mg/kg, respectively) by intramuscular injection. Blood was collected from the left ventricle 
by cardiac puncture using Vacuette
®
 tubes with heparin, centrifuged at 3500rpm for 10 
minutes (4ºC) and the plasma was collected for further biochemical analyses. The liver was 
collected and weighed. Liver relative weight (%) was calculated using the formula: (Liver 
weight x 100)/ body weight.  
 
Plasma biochemistry 
The plasma was used to quantify the levels of glucose (Kit Laborlab®, enzymatic 
and colorimetric methods), triglycerides (Kit Bioclin®, enzymatic and colorimetric 
methods), total cholesterol (Kit Laborlab®, enzymatic and colorimetric methods), total 
proteins (by refractometry, analysis made at VetPat Laboratory), creatinine (Kit Bioclin® 
Kit, colorimetric and kinetic methods), alkaline phosphatase (Kit Laborlab®, kinetic 
method), glutamic pyruvate transaminase/aspartate aminotransferase (GPT/AST) (Kit 
Bioclin®, colorimetric method) and glutamic oxaloacetic transaminase/alanine 






Liver fragments were fixed in 4% paraformaldehyde (in phosphate buffer 0.1M, pH 
7.4) for 24 hours, at room temperature. The fragments were washed in the same buffer, 
dehydrated in ethanol, cleared in xylol and embedded in paraffin (Histosec
®
, Leica). The 
tissue was sectioned with 5µm thickness. One slide was stained with hematoxylin and eosin 
for morphological, morphometrical and stereological analyzes. Another slide was stained 
with Masson’s trichrome (EasyPath® kit) for fibrosis detection. 
 
Morphometrical and stereological analyses 
The proportions of hepatocytes (nuclei and cytoplasm), sinusoid capillaries and 
Kupffer cells were estimated using a grid with 130 intersections over digital images (40x 
objective). Ten images were analyzed per animal. The number and diameter of all 
hepatocyte nuclei were count and measure, respectively, in 10 fields per animal (40x 




. The number of hepatocyte nuclei (HN) 
per µm
2 
was calculated (HN/ µm
2 
= Number of Hepatocytes per field / field area) (Predes, 
2010). Hepatocyte nuclei volume (NV) was calculated using the formulas: area=πr2 and 
volume= 4/3πr3. The hepatocyte cytoplasm volume (CV) was calculated using the formula: 
[CV = (NV x cytoplasm proportion)/nuclei proportion]. The hepatocyte volume was the 
sum of nuclei and cytoplasm volumes. 
 
Statistical analyses 
Nonparametric test (Kruskal Wallis Multiple Comparison) was performed using the 
software Minitab 16. For all the tests the significance was 95%. All values are shown as 










Cyclosporin A - effects on liver 
CsA treatment did not alter the liver absolute and relative weight (Figure 1). The 
tissue structure did not show alterations (Figures 2 and 3) and fibrosis was not observed 
even after 56 days of treatment. 
Volumetric proportions of hepatocytes were reduced in the group treated with CsA 
for 21 days (p=0.045); and the volumetric proportions of sinusoids increased 29.06%, 
however this alteration was not statistically significant. These results were not observed 
after treatment with CsA for 56 days (Table 1). 
The treatment with CsA for 21 days increased total cholesterol (p=0.021) when 
compared to the control group (Table 2). GOT levels were 40.38% higher in the CsA group 
when compared to the control, however the difference was not statistically significant 
(p=0.06). However, the treatment with CsA for 56 days increased GPT levels (p=0.012) 
(Table 2).  
 
Heteropterys tomentosa - Effects on the liver 
The treatment only with H. tomentosa (during 21 and 56 days) did not alter liver 
absolute and relative weights (Figure 1) or the morphology (Figures 2 and 3) and did not 
cause fibrosis. However, an increase of the volumetric proportion of Kupffer cells was 




showed an increase of hepatocyte nucleus proportion and reduction of their cytoplasm 
(p=0.003) (Table 1). Higher number of hepatocyte nuclei was found per µm
2
 (p=0.023). 
The treatment with H. tomentosa also reduced the total and the cytoplasmic volume of 
hepatocytes (p=0.002 and 0.001 respectively) (Table 1). 
No alterations of hepatic morphometry/stereology and plasma parameters were 
observed after the treatment with H. tomentosa for 56 days (Tables 1 and 2). 
 
CSA and H. tomentosa associated - Effects on the liver 
As observed for the other groups, simultaneous treatment with CsA and infusion did 
not alter liver absolute and relative weights (Figure 1) or morphology (Figures 2 and 3) and 
did not cause fibrosis. 
The group CsA+Ht (21 days) did not show the alterations observed for the CsA 
group (21 days) (Table 1). On the other hand, in this group the volumetric proportion of 
Kupffer cells increased (p=0.002). It was also observed for animals treated only with H. 
tomentosa (during 21 days). Higher hepatocyte nuclear volume was observed when 
compared to the control and the CsA group (21 days) (p=0.004) (Table 1). As observed for 
Ht group, the simultaneous treatment with CsA and H. tomentosa caused reduction of 
hepatocyte volume (p=0.012), due to the reduction on cytoplasm volume (p=0.012) (Table 
1).  
In the CsA+Ht group (21 days) the levels of GOT did not differ significantly in 
relation to the control or CsA group (Table 2). The plasma creatinine levels were higher in 
CsA+Ht group (21 days) when compared to the control (p=0.049) and CsA (p=0.02) (21 




Animals treated with both infusion and CsA for 56 days showed an increase in the 
number of hepatocyte nuclei per µm
2
 (p=0.04) (Table 1). Total cholesterol and GPT levels 
were increased in CsA+Ht group (56 days) when compared to the control (p=0.044 and 




Hepatotoxicity induced by CsA administration is widely reported in the literature 
(Wolf et al., 1997; Durak et al., 2004; Hagar, 2004; Rezzani, 2004; Rezzani et al., 2005a; 
Rezzani, 2006; Kurus et al., 2008; Bohmer et al., 2011). There are two possible 
mechanisms of CsA-induced hepatotoxicity: (1) due to an excess of free radical production 
during CsA metabolism in the liver; or (2) CsA may impair the antioxidant defense (Durak 
et al., 2004).  Rezzani et al. (2005a) suggested that the oxidative stress induced by CsA is 
associated with the imbalance of free oxygen radical production and the antioxidant defense 
system. The increase of CsA-associated oxidative stress is positively correlated with 
biochemical parameter alterations, which are characteristic of hepatotoxicity (Hagar, 2004). 
According to Bohmer et al. (2011), CsA-associated histopathological changes on 
the liver comprise sinusoidal dilatation, hepatocyte cytoplasmic vacuolization, cell 
infiltration, parenchymal mitosis and moderate hepatocellular necrosis. Hagar (2004) 
observed, in the rabbits’ liver, severe hydropic degeneration in parenchymal cells after 
treatment with CsA (25mg/kg/day, orally during 10 days). Rezzani et al. (2005a) observed 
evident liver morphological alterations caused by CsA (15mg/kg/day) subcutaneously 
injected in Wistar rats, for 30 days. These authors observed widespread cell swelling and 




(5 and 15mg/kg daily) by gavage for 8 weeks, did not observe clear histopathological and 
clinicopathological alterations of the liver, which supports our findings. The absence of 
hepatic histopathological impairment observed in this study can be related to the dose and 
route of drug administration. Despite the absence of clear morphological alteration, the 
treatment with CsA for 21 days reduced the volumetric proportion of hepatocytes and 
increased (not statistically significant) the volumetric proportion of sinusoids. Bohmer et al. 
(2011) listed sinusoids dilatation as one of the histopathological changes associated with 
CsA administration. However, the authors did not explain how CsA induced this change.  
CsA-associated fibrosis is largely reported in the kidney (Bakker et al., 2003; Ling 
et al., 2003; Li et al., 2004). Hagar (2004) working with CsA (25mg/kg daily), 
administered daily to rabbits, observed mild connective tissue proliferation in the liver 
periportal region. However, in the present study, CsA did not cause fibrosis even after 56 
days of treatment, which was probably due to the lower CsA-dose used in our experiment.   
The histopathological alterations were consistent with the biochemical findings. 
CsA administered for 21 days caused increase of total cholesterol and GOT levels. On the 
other hand, the treatment with CsA for 56 days caused an increase of GPT levels. Bohmer 
et al. (2011) did not observe alterations of GOT and GPT levels after treatment of rats with 
15mg/kg/day of CsA by gavage for 30 days. According to the authors, CsA caused 
immunosuppression without hepatotoxicity. The treatment with CsA is known to cause 
hyperglycemia (Neto et al., 1999; Freitas et al., 2012a) however, in our study this response 
was not observed even after treatment for 56 days. The simultaneous treatment with H. 
tomentosa and CsA caused an increase of glucose and creatinine level after 21 days of 
treatment; these effects were not observed after a long term treatment or when the animals 




The increased volumetric proportion of hepatocyte nuclei associated with the 
infusion treatment can be explained by the higher number of hepatocyte nuclei 
(hyperplasia) since an increase of nucleus area or volume (hypertrophy) was not observed. 
The increase of hepatocyte nucleus number and Kupffer cells proportion could indicate 
toxicity induced by H. tomentosa after the treatment for 21 days. The effect of the infusion 
isolated administrated can be associated with the acute treatment since after 56 days of 
treatment no alterations caused by the plant could be observed..   
The use of antioxidant substances against CsA-induced hepatotoxicity is reported in 
the literature. The efficiency against CsA-induced hepatotoxicity of vitamins C and E 
(Durak et al., 2004), melatonin (Rezzani et al., 2005a), taurine (Hagar et al., 2006) and oral 
L-arginine (Kurus et al., 2008) and has been confirmed. According to Ng et al. (2000) 
flavonoid compounds exhibit antioxidant and free radical scavenging properties. 
Flavonoids are also considered as protective substance against harmful external influences 
(Hassig et al., 1999). Galvao et al. (2002) listed flavonoid glycosides among the substances 
present on H. tomentosa root extract. However according to Galvao et al. (2002) it is not 
possible to affirm that the effects of H. tomentosa could be attributed to one or more 
chemical constituents. 
In the present study the treatment with H. tomentosa together with CsA for 21 days 
did not alter sinusoids and hepatocyte proportions, as found for the treatment with CsA (21 
days). Also, the alteration observed in GOT levels after the treatment with CsA (21 days) 
was not present for animals treated simultaneously with the drug and the infusion. However 
the simultaneous treatment (for 21 days) caused alterations of glucose and creatinine levels. 
The alteration of GPT levels caused by CsA (56 days) also occurred in the CsA+Ht group. 




tomentosa protection. The simultaneous treatment administered for 56 days did not induce 
hepatotoxicity. 
Freitas et al. (2013), working with Wistar rats treated with CsA, H. tomentosa and 
both substances, observed an increase of GOT, bilirubin (total and indirect), triglycerides, 
cholesterol and glucose levels caused by CsA. They also observed that animals treated 
simultaneously with CsA and infusion showed normalization of GOT, triglycerides and 
glucose levels. The above authors did not observe any alterations caused by H. tomentosa 
on biochemical parameters of hepatotoxicity. Freitas et al. (2013) worked with 90 days-old 
Wistar rats and the animals were treated for 56 days with the same dose of CsA and H. 
tomentosa used in the present study. The differences between the present results and the 
findings of Freitas et al. (2013) could be due to the time of drug administration (in the case 
of the animals treated for 21 days), the different source of H. tomentosa roots, animals’ 
initial age (we started the experiment with 56 days-old animals) or the animals’ individual 
sensibility to the treatment. 
 
CONCLUSIONS 
The results suggested that the treatment with CsA for 21 days caused hepatotoxicity 
which was reduced over a longer administration period (56 days). Possibly the hepatic 
defense system against higher oxidative stress was able to recover during this period with 
an increase of the enzymes involved in free radical elimination. H. tomentosa caused 
alterations of some of the parameters analyzed, mainly after 21 days of treatment. The 
association with the plant administration and hepatotoxicity has to be better studied. The 
simultaneous treatment with CsA and H. tomentosa did not accentuate nor attenuate the 
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Table 1. Hepatic parameters of Wistar rats treated with water (control), CsA, H. tomentosa infusion or CsA+H. tomentosa infusion for 
21 or 56 days.  
Parameters 
Groups 
21 Days 56 Days 
CG CsA Ht CsA+Ht CG CsA Ht CsA+Ht 








































90.09 ± 2.04 
(11.85 ± 1.67; 
88.15 ± 1.67) 
90.26 ± 2.83 
(12.72 ± 1.89; 
87.28 ± 1.89) 
89.01 ± 4.64 
(11.88 ± 1.50; 
88.12 ± 1.50) 
88.71 ± 0.85 
(12.12 ± 2.04; 
87.88 ± 2.04) 
Sinusoids  9.43 ± 2.38
ab
 12.17 ± 2.87
a
 9.14 ± 1.06
ab
 7.01 ± 1.26
b
 8.06 ± 1.56 7.37 ± 3.14 8.71 ± 4.49 8.85 ± 1.09 
Kupffer cells 1.41 ± 0.26
a
 1.65 ± 0.44
a
 2.38 ± 0.37
b
 2.52 ± 0.33
b
 1.85 ± 0.51 2.37 ± 0.45 2.28 ± 0.39 2.45 ± 0.33 
         
Volume  (μm3)         
Hepatocyte 2501.46 ± 145.0
a
 2267.7 ± 313.1
ab
 1760.0 ± 242.5
c
 1887.9 ± 281.0
bc
 2265.9 ± 429.7 2111.2 ± 205.3 2322.5 ± 468.4 2525.1 ± 419.7 
HC 2217.9 ± 161.0
a
 1991.9 ± 286.5
ab
 1491.8 ± 198.1
c
 1661.73 ± 286.6
 bc
 2002.7 ± 416.3 1844.96 ± 210.8 2050.3 ± 439.4 2225.0 ± 418.7 
HN 283.55 ± 16.67
a
 275.80 ± 29.40
a
 268.12 ± 56.89
ab
 226.19 ± 21.23
b
 263.18 ± 20.25
a
 266.30 ± 26.53
a
 272.22 ± 38.02
ab
 300.05 ± 25.85
b
 
         





) 1.00 ± 0.09
a
 1.01 ± 0.13
a
 1.23 ± 0.13
b
 1.07 ± 0.16
ab
 0.94 ± 0.10
a
 1.03 ± 0.2
ab
 1.00 ± 0.14
ab
 1.11 ± 0.01
b
 
Control group (CG), Cyclosporin A treated group (CsA), Heteropterys tomentosa treated group (Ht) and group with simultaneous treatment of CsA and H. 
tomentosa (CsA+Ht). HC: Hepatocyte cytoplasm; HN: Hepatocyte nucleus. The values are mean ± SD. In each row, values with different superscripts are 







Table 2. Plasma biochemical parameters of Wistar rats treated with water (control), CsA, H. tomentosa infusion or CsA+H. tomentosa 
infusion for 21 or 56 days.  
Parameters 
Groups 
21 Days 56 Days 
CG CsA Ht  CsA+Ht  CG CsA Ht  CsA+Ht  
Glucose (mg/dL) 272.13 ± 43.46
a
 276.96 ± 38.77
a
 301.26 ± 44.94
ab
 367.78 ± 67.54
b
 305.22 ± 45.02 317.39 ± 75.93 300.39 ± 75.67 293.09 ± 35.36 
Total Cholesterol 
(mg/dL) 93.29 ± 5.45
a
 105.42 ± 7.82
b
 91.87 ± 6.35
a
 103.87 ± 4.08
b
 104.26 ± 5.21
a
 108.13 ± 14.58
ab
 101.03 ± 7.12
a




(mg /dL) 109.31 ± 7.91
ab
 105.37 ± 9.29
ab
 89.13 ± 25.38
a
 124.86 ± 22.70
b
 124.77 ± 19.07 142.02 ± 22.17 123.07 ± 27.89 148.53 ± 30.34 
Alkaline Phosphatase 
(U/L)  109.27 ± 32.12
ab
 129.43 ± 15.40
a
 72.19 ± 49.68
b
 124.67 ± 101.20
ab
 86.72 ± 19.17 81.03 ± 23.94 76.45 ± 19.63 97.9 ± 43.92 
Total Proteins (g/dL) 6.3 ± 0.2 6.55 ± 0.44 6.45 ± 0.38 6.35 ±  0.25 7.44 ± 0.46 6.92 ± 0.48 7.4 ± 0.58 7.15 ± 0.17 
GOT (U/L) 81.21 ± 20.76
ab
 114.21 ± 27.43
a
 71.36 ± 8.59
b
 81.19 ± 18.60
b
 86.57 ± 14.74 91.79 ± 38.12 81.64 ± 12.67 82.43 ± 21.94 
GPT (U/L) 41.73 ± 6.26 43.22 ± 11.32 47.14 ± 12.75 46.09 ± 7.74 39.09 ± 3.50
a
 57.82 ± 14.29
bc
 44.23 ± 5.84
ab
 61.04 ± 5.87
c
 
Creatinine (mg/dL) 0.65 ± 0.11
a
 0.66 ± 0.06
a
 0.78 ± 0.09
ab
 0.79 ± 0.09
b
 0.75 ± 0.07 0.80 ± 0.20 0.73 ± 0.10 0.75 ± 0.10 
Control group (CG), Cyclosporin A treated group (CsA), Heteropterys tomentosa infusion treated group (Ht) and group with simultaneous treatment of CsA and 
H. tomentosa (CsA+Ht). GOT: Glutamic Oxalacetic Transaminase; GPT: Glutamic Pyruvate Transaminase. The values are mean ± SD. In each row, values with 














































































































Figure 2. Liver (H&E staining). Control (A), treated with CsA (B), H. tomentosa infusion 
(C) and both substances (D), for 21 days. Hep: hepatocytes; white arrows: Kupffer cells; 




Figure 3. Liver (H&E staining). Control (A), treated with CsA (B), H. tomentosa infusion 
(C) and both (D) for 56 days. Hep: hepatocytes; white arrows: Kupffer cells; black arrows: 









5.3. Cyclosporin A side effects on the kidney of Wistar rats. 
Could Heteropterys tomentosa interfere with those effects? 
ABSTRACT 
Cyclosporin A (CsA) is an immunosuppressive drug widely used after organ 
transplantation, and for the treatment of autoimmune diseases; however nephrotoxicity is 
associated with CsA-treatment. In the present study, the effects of CsA on the kidney of 
Wistar rats treated for 21 and 56 days was evaluated to determine whether Heteropterys 
tomentosa, a medicinal plant that was efficient against CsA-damage to the testis and ventral 
prostate, could alter CsA-related nephrotoxicity. Wistar rats were treated with water, CsA 
(15mg/kg/day), H. tomentosa and CsA+H. tomentosa simultaneously, for 21 or 56 days. 
The 21-days treatments administered did not cause alterations of body weight and kidney 
biometry. After 21 days of CsA administration, the renal structure (morphology and 
morphometric/stereological parameters) and the apoptotic indexes (of medulla and cortex) 
were not altered; except for the formation of small casts in juxtamedullary region of CsA 
treated animals. The treatment with CsA for 56 days reduced final body weight and body 
weight gain, which was not observed for the simultaneous treatment with CsA + Ht 
infusion. After 56 days of treatment, kidney structure showed drug damage in both of these 
groups. However, kidney biometry, morphometry, stereology and apoptotic indexes did not 
confirm noticeable damage due to CsA. The treatment with CsA for 21 days was not 
sufficient to cause severe kidney damage, while its use for 56 days caused alterations of the 
biometric data and kidney structure. H. tomentosa infusion was not efficient to relieve 




Key words: Heteropterys aphrodisiaca, histopathology, phytotherapy, medicinal 
plants, nephrotoxicity. 
INTRODUCTION 
Cyclosporin A (CsA) is an immunosuppressive drug that inhibits lymphocyte 
proliferation (cytotoxic and suppressor effects) but does not alter phagocyte functions and 
haemopoietic stem cells (Hess, Tutschka, 1980; Shevach, 1985; Borel et al., 1989). This 
drug is used to avoid rejection in patients after allograft transplantation and against 
autoimmune diseases (Shevach, 1985). CsA has contributed to decrease morbidity, 
rejection episodes and hospitalization days in transplanted patients (Cid et al., 2003). 
Despite the advantages of CsA use, it is associated with many side effects such as testicular 
disorders (Türk et al., 2007; Monteiro et al., 2008), prostate tissue injuries (Freitas et al., 
2012a), hyperlipedemia (Vaziri et al., 2000; Bergman et al., 2006), hyperglycemia (Neto et 
al., 1999; Freitas et al., 2012a), hepatotoxicity (Durak et al., 2004; Hagar, 2004; Kurus et 
al., 2008) and nephrotoxicity (Bertani et al., 1987; Jackson et al., 1987; Mason, 1990; 
Podder et al., 2001; Rezzani et al., 2001a; Cid et al., 2003; Nielsen et al., 2003; Fellstrom, 
2004; Rezzani, 2004; Chung et al., 2005; Mohamadin et al., 2005; Kotolová et al., 2006; 
Rezzani, 2006; Rezzani et al., 2006; Wongmekiat et al., 2008). The latter is one of the most 
common CsA-associated side effects. CsA-treatment causes moderate to severe damage to 
the kidney in about 30% of the patients (Cid et al., 2003). CsA side effects could be 
associated to an increase of reactive oxygen species (ROS) (Cid et al., 2003).  
The importance of CsA as an immunosuppressive drug has motivated many 
researchers to look for substances alleviating CsA-associated nephrotoxicity (Rezzani et 




2006; Kotolová et al., 2006; Rezzani, 2006; Rezzani et al., 2006; Wongmekiat et al., 2008). 
Heteropterys tomentosa A. Juss. (sin. Heteropterys aphrodisiaca O.Mach.), Malpighiaceae, 
is a native Brazilian plant with antioxidant properties (Mattei et al., 2001; Galvao et al., 
2002) and known popularly as a hypoglycemiant (Guarim Neto, Morais, 2003; Macedo, 
Ferreira, 2004). In previous studies, this medicinal plant was efficient against CsA-
associated damage to the testis (Monteiro et al., 2008a) and the ventral prostate of Wistar 
rats (Freitas et al., 2013). 
The present study was undertaken to: (1) evaluate the effect of a therapeutic dose of 
CsA on the kidney of rats treated for two different periods, (2) determine whether H. 
tomentosa causes nephrotoxicity, and (3) determine whether H. tomentosa can alter the 
CsA effects on the kidney. 
 
MATERIAL AND METHODS 
Treatment protocol 
Cyclosporin A (Sandimmun Neoral
®
, Novartis Pharma AG, Switzerland) was 
administered orally (by gavage) to the animals in the dose of 15mg/kg of body weight per 
day. The dose of CsA used is considered therapeutic and is employed in treatments to avoid 
graft rejection. The same dose was used by previous authors (Monteiro et al., 2008; Freitas 
et al., 2012a; 2013). Heteropterys tomentosa A. Juss. (sin. Heteropterys aphrodisiaca 
O.Mach., herbarium CPAP number 21625) plants were grown at the “Horto de Plantas 
Medicinais of the Embrapa Pantanal” (Corumbá, Brazil). The plants were cultivated under 




The roots of H. tomentosa were harvested, dried at room temperature and ground. The 
infusion was prepared (every two days) using 75.76mg (per kg of body weight) of ground 
roots in 100mL of boiled water. This preparation was allowed to steep during 4 hours and 
then filtered. According to Marques et al. (2007), water is the best extractor for solid 
substances from H. tomentosa roots. The same protocol for infusion preparation was 
previously used for the treatment of Wistar rats (Monteiro et al., 2008; Gomes et al., 2011;  
Monteiro et al., 2011; Freitas et al., 2012b; Freitas et al., 2013). 
Eight week-old Wistar rats (Rattus norvegicus albinus) were obtained from the 
Center for Biological Investigation (State University of Campinas, Campinas - SP, Brazil). 
The rats were maintained under standard conditions with 12h light/dark and provided with 
commercial rat chow and water “ad libidum”.  
The first experiment was carried out for 21 days. Twenty animals were randomly 
divided into four groups (n=5 in each). The control group (CG) received 0.5mL of distilled 
water while the CsA-treated group (CsA) received CsA diluted in 0.5mL of distilled water. 
The H. tomentosa treated group (Ht) received 0.5mL of H. tomentosa infusion and the 
CsA+Ht group was treated simultaneously with the same dose of CsA diluted in 0.5mL of 
infusion. The treatments were administered daily, by gavage. 
The second experiment was carried out with the same experimental groups (CG, 
CsA, Ht and CsA+Ht, n=5 in each). The treatments were administered daily, by gavage, 
for 56 days. 
The treatment protocol followed the recommendations of the Brazilian Society of 
Laboratory Animals Sciences (SBCAL/COBEA) and was approved by Institutional 





Collection of Biological Material and Tissue Preparation 
After the treatment period, the animals were weighed and anesthetized by 
intramuscular injection of Xylazine and Ketamine (5 and 80 mg/kg of body weight).  
The kidney was dissected, weighed, sectioned and fixed using 4% 
paraformaldehyde (during 24 hours). The kidney fragments were routinely processed and 
included in paraffin (Histosec
®
, Leica). The tissue was sectioned at 5µm thickness.  
 
Morphology, morphometry and stereology 
One slide (with 6 kidney sections) was stained with Hematoxylin and Eosin to 
analyze tissue morphology and to perform morphometrical and stereological 
quantifications.  
Morphometrical and stereological analyses were performed using images captured 
with a camera attached to a light microscope (Olympus BX-40). All quantifications were 
done using the software Image-Pro Plus 6.0. The proportion of tubules (epithelium and 
lumen), corpuscles (Bowman’s capsule, space and glomerulus) and interstitium on the renal 
cortex were estimated by counting a total of 1,300 points per animal, using 10 cortex 
images (20x objective). The diameters of 10 Bowman’s capsules (BD) and glomerular 
capillary tufts (CD) were measured; only corpuscles with a well-defined vascular pole were 
chosen for measurements. These diameters were used to calculate Bowman space radius. 
The relation CD/BD was used as an index of glomerular collapse (Origlia et al., 2006; Italia 




Furthermore, the number of renal corpuscles was counted in 20 cortex fields (20x 
objective), the field area was used to determine the number of corpuscles per µm
2
 (number 
of corpuscles per µm
2
=mean number of corpuscles per field / field area). 
 Masson trichrome staining (EasyPath
®
 kit) was employed to detect possible 
fibrosis caused by CsA administration. 
 
 
TUNEL technique and immunohistochemistry for PCNA  
Slides with kidney sections were prepared for TUNEL technique (for apoptotic cells 
detection) and immunohistochemistry using PCNA-p36 (for proliferative cells detection).   
TUNEL (Terminal transferase dUTP Nick End Labeling – TUNEL) was employed 
using the kit FragEL (US1QIA33-1EA; TdT FragEL TM DNA Fragment Detect, Merck). 
Permeabilization was carried out using proteinase K provided by the kit’s manufacturer 
(slides incubated for 20 minutes). Hydrogen peroxide (3% in methanol) was applied for 5 
minutes to block endogenous peroxidase. After that, the slides were submitted to reactions 
for the detection of 3’OH regions of fragmented DNA. The reaction was revealed using 
diaminobenzidine. The positive control was generated using DNAse. The sections were 
counterstained with Harris’s hematoxylin for 8 seconds. The protocol was provided by the 
manufacturer.  
Immunohistochemical detection for proliferative cells was employed using primary 
antibody for PCNA (p36). The slides were incubated in citrate buffer (pH6.0) at 100°C for 
45 minutes for antigen retrieval. Endogenous peroxidase was blocked using hydrogen 




antibody (1:150, sc-56, Santa Cruz Biotechnology, USA) for 60 minutes at 37°C. They 
were incubated with the secondary antibody (1:200, ABC staining system sc-2017, Santa 
Cruz Biotechnology, USA) at 37
o
C for 45 minutes, and then with peroxidase-conjugated 
avidin–biotin complexes (1:200, ABC staining system sc-2017, Santa Cruz Biotechnology, 
USA). The reaction was revealed by diaminobenzidine (1:200, ABC staining system sc-
2017, Santa Cruz Biotechnology, USA). The sections were counterstained with Harris’s 
hematoxylin for 8 seconds.  
 The quantification of both techniques was made counting the number of positively 
stained cells in tubules (epithelium and lumen) and interstitium per μm2 of tissue (medulla 
and cortex); in the cortical region, the apoptotic cells of renal corpuscles were also counted. 
  
Statistical Analysis  
The parameter values were compared using Kruskal Wallis multiple comparisons 
test by the software MINITAB
®
 16. For all tests the significance was 95%. 
 
RESULTS 
Cyclosporin A  
The treatment with CsA for 21 days did not cause alterations of final body weight, 
body weight gain, kidney absolute or relative weights (Fig. 1). This treatment did not cause 
fibrosis nor alter the structure and morphology of renal tissue (Fig. 2), except for the 
presence of small casts in tubule lumina in the juxtamedullary region (these accumulations 
were present in 4 of the 5 animals) (Fig. 3A and B). The volumetric proportions of 




glomerulus diameters did not show alterations after treatment with CsA for 21 days (Table 
1). CsA administration (21 days) also did not alter the index of glomerular collapse and 
corpuscle number per µm
2 
(Table 1).  
The number of apoptotic cells in the tubule lumina, per µm
2
, in the medullar region 
was higher after the treatment with CsA for 21 days (data not shown). However the total 
number of apoptotic cells in the cortex or medulla was not altered by CsA treatment (Table 
2). The number of proliferative cells in the cortex and medulla also was not altered by the 
21 day CsA treatment (Table 2).  
After the treatment with CsA for 56 days the animals had a lower body weight gain 
that result in also reduced final body weight, when compared to those of the control (Fig. 
1). The kidney weight did not alter; however, kidney relative weight was higher in the CsA 
(56 days) treated group (Fig. 1). The stereological and morphometrical parameters analyzed 
for the kidneys of animals treated with CsA during 56 days showed no significant alteration 
(Table 1). The drug caused alterations in renal structure after 56-days treatment (Fig. 2 and 
3); basophilic epithelium was present in the renal cortex (proximal tubules), strong 
vacuolization was observed in these tubules (Fig. 2C and D). Accumulation of substances 
(casts) was present in tubules in the juxtamedullary region (Fig. 3) of all CsA-treated 
animals (56 days). The juxtamedullary tubules that present casts showed altered epithelium 
that became squamous in some regions (Fig. 3). These casts’ formation starts with 
intracellular accumulation of substances (Fig. 4) that apparently culminate in loss of 
cytoplasm.   The above alterations were present for both groups of animals treated with 




Masson’s trichrome staining revealed the small regions with fibrosis caused by CsA 
after the long-term treatment (Fig. 5), mainly near some vacuolated proximal tubules (with 
unusual staining) (Fig. 5).  
The apoptotic indexes showed no alteration of the CsA groups (56 days). After 56 
days of treatment, CsA did not alter the total number of proliferative cells (Table 3); but 
focal areas of proliferative cells were present in the cortex of the animals treated with CsA. 
 
Heteropterys tomentosa infusion 
The treatment with H. tomentosa infusion (21 days) did not alter the biometry of 
kidney (Tables 1 and 2). Kidney morphology also was not altered (Fig. 2).  
After treatment with H. tomentosa for 56 days the animals had lower body weight 
gain when compared to the control (Table 1).  
Treatment with H. tomentosa (in both periods) did not cause fibrosis and did not 
alter the number of proliferative cells nor the renal stereology and morphometry. On the 
other hand, after 56 days of H. tomentosa administration, the percentage of fields with 
apoptotic cells was reduced in the renal cortex when compared to the control. The number 
of apoptotic cells in the cortex was 44.8% lower in the Ht group (56 days) when compared 
to the control, but this difference was not statistically significant (p=0.051). 
 
CsA and H. tomentosa  
The simultaneous treatment with CsA and H. tomentosa for 21 days did not cause 
alterations of most of the parameters analyzed, except for a higher glomerulus diameter and 




morphology of kidney cortex and medulla was similar to that observed for the animals 
treated only with CsA (Fig. 2 and 3). Small casts in the juxtamedullary region were 
observed in 3 out of 5 animals. 
The simultaneous treatment with infusion and CsA, for 56 days caused no alteration 
of biometrical parameter analyses, when compared to the control group, differing from the 
result observed for the CsA treated (56 days) group (Table 1). The corpuscle proportion of 
the kidney cortex was significantly higher in the CsA+Ht group (56 days) when compared 
to those in the Ht group (56 days) (Table 1). 
All histopathological alterations caused by CsA in the kidney of the CsA group 
were also observed in the CsA+Ht group (basophilic and vacuolized proximal tubule 
epithelium, small regions of fibrosis and casts in the lumen of juxtamedullary tubules). 
There was no alteration of apoptotic and proliferative indexes caused by 
simultaneous CsA and H. tomentosa treatment (Table 2). 
 
DISCUSSION AND CONCLUSION 
CsA-associated nephrotoxicity is largely reported in the literature (Whiting et al., 
1983; Bertani et al., 1987; Jackson et al., 1987; Mason, 1990; Pichler et al., 1995; Young et 
al., 1995b; Rezzani et al., 2001a; Rezzani et al., 2001b; Nielsen et al., 2003; Parra Cid et 
al., 2003; Fellstrom, 2004; Langone, Helderman, 2004; Li et al., 2004; Rezzani, 2004; 
Buffoli et al., 2005; Chung et al., 2005; Rezzani et al., 2005; Amudha et al., 2006; Hagar et 
al., 2006; Rezzani, 2006; Jennings et al., 2007; Josephine et al., 2007; Wongmekiat et al., 
2008; Bohmer et al., 2011). The present study evaluated the side effects of CsA on renal 




of H. tomentosa infusion on renal tissue was also investigated. Finally, H. tomentosa 
infusion efficiency on CsA damage to the kidney was studied, as previously observed for 
the testis and ventral prostate (Monteiro et al., 2008; Freitas et al., 2013). 
The treatment with CsA for 21 days was not sufficient to interfere with the animal’s 
weight gain. However, 56 days of CsA-treatment significantly reduced the body weight 
gain of the CsA group. These results indicated that the reduction of body weight gain was 
associated with the duration of the treatment. Monteiro et al. (2008) also observed 
reduction of body weight gain after the treatment with CsA (15mg/kg, for 56 days). The 
absence of alteration of body weight gain in animals treated simultaneously with CsA and 
H. tomentosa indicates that the infusion could avoid this CsA-associated side effect. 
Monteiro et al. (2008), working with H. tomentosa (using the same protocol of infusion 
preparation and administration) and CsA, observed reduction of body weight gain even 
after the simultaneous treatment with CsA and H. tomentosa.  
The treatment with CsA for 21 days did not cause severe structural alteration of 
kidney tissue, while 56-days treatment caused visible histopathological alterations of that 
tissue. According to Mason (1990), CsA can cause kidney structural alterations that are 
usually associated with changes in function. According to this author, changes in renal 
tubular and vascular function are common (and associated with low CsA dosages), but 
changes in renal tubular and vascular structure are less frequent (and associated with higher 
CsA dosages) (Mason, 1990).  
Alterations of the proximal tubules in the renal cortex have already been reported in 
the literature (Bertani et al., 1987; Jackson et al., 1987; Rezzani et al., 2001a; Rezzani, 
2004). Rezzani et al. (2001a) suggested that the alterations in proximal tubules could be 




is due to CsA internalization in the epithelial cells of these tubules. Jackson et al. (1987) 
observed that the treatment with CsA (subcutaneously, 100mg/kg) caused morphological 
changes in the outer renal cortex that consisted in focal areas (few in number) of tubular 
atrophy and interstitial fibrosis, but they did not observe areas of proximal tubule 
vacuolization. Bertani et al. (1987) observed that the treatment with CsA for 30 days (oral, 
40mg/kg) caused abnormalities of the kidney, confined to the proximal tubules; the 
alterations consisted mainly of cytoplasmic isometric vacuolization (due to dilation of 
smooth and rough endoplasmic reticulum), few areas with focal loss of the brush border, 
occasional giant mitochondria and microcalcifications. After 3 months of treatment, the 
authors observed more prominent proximal tubule lesions, further brush border loss, several 
densely stained blebs of different sizes filling the proximal tubular lumen and a slight 
increase in microcalcification. In the present study CsA administration for 56 days caused 
vacuolization of proximal tubule epithelium in focal areas of the kidney outer cortex. The 
treatment also changed the composition of the proximal tubule cytoplasm, as shown by 
uncommon staining (after H&E or Masson’s trichrome stain). This tubule vacuolization 
and alteration on cytoplasm composition is related to the nephron impairment. The 
presence of fibrosis around some damaged proximal tubules can indicated degeneration of 
this structure. These alterations were also present in the CsA+Ht group (long term 
treatment). On the other hand, after CsA treatment during 21 days, proximal tubule damage 
was not observed, indicating that this is a time-dependent side effect. 
Kidney fibrosis associated with CsA-treatment is reported in the literature (Jackson 
et al., 1987; Bakker et al., 2003; Ling et al., 2003; Li et al., 2004). Li et al. (2004) reported 
that the CsA treatment for 4 weeks (administered at doses of 15mg/kg daily by 




Kidney interstitial fibrosis is also reported by Jackson et al. (1987), after treatment with 
CsA (administered for 10 days, in the dose of 100mg/kg subcutaneously to Sprague-
Dawley rats); according to these authors, the alterations were present in a small number of 
cells and only in the outer cortex.  According to Rezzani (2004) interstitial fibrosis is 
related to chronic CsA toxicity. As observed in the studies cited, mild fibrosis of the tissue 
was observed in the present study. Fibrosis was observed only in the outer cortex, mainly 
around the vacuolated tubules. This tissue alteration was present only after the treatment 
with CsA for 56 days, and therefore this effect is related to long term CsA-treatment.  
CsA caused accumulation of substances (casts) in the juxtamedullary kidney region; 
this damage increased with the longer duration of the treatment.  Jackson et al. (1987) 
observed only occasional collecting ducts containing casts, even after the treatment with 
CsA (100mg/kg bw) for 10 days. In the present study a small accumulation of substances 
was observed in the kidney juxtamedullary region in some animals treated with CsA (with 
or without H. tomentosa, for 21 days) indicating that CsA in therapeutic doses caused 
damage even after 3 weeks of treatment. After treatment for 56 days huge accumulations of 
these substances were observed. These casts are very similar to psammoma bodies that are 
round to oval, lamellate or concentric calcifications (Kubota et al., 1984; Hunt, Barnes, 
2003; Srigley, Delahunt, 2009). Psammoma bodies are present in meninges, thyroid glands 
and female reproductive organs under normal and pathological conditions (Kubota et al., 
1984). They are also present in diverse kinds of tumor such as: male breast (Bryant, 1981), 
nervous system (Kubota et al., 1984), orbit (Fry, De Long, 1940), ovary papillary 
cystadenocarcinoma (Ferenczy et al., 1977),  renal-cell adenomas (Storkel, Van Den Berg, 
1995) and papillary renal carcinoma (Storkel et al., 1997). Kubota et al. (1984) studied the 




neoplastic cells degenerate, their cytoplasm residues are left in matrix vesicles and matrix 
giant bodies. Hydroxyapatite crystals aggregate within these vesicles and giant bodies. 
Finally, the interstitial fibers that surround the original neoplastic cells mineralize (Kubota 
et al., 1984). In the present study the psammoma-like bodies’ formation apparently starts 
with small bodies of microcalcification in the epithelial cell cytoplasms. The nucleus 
became flattened along the cell base. The small microcalcifications evolve to huge 
substance accumulations that apparently cause cell membranes to rupture, liberating the 
substances in the tubule lumen. Finally, the epithelium appears squamous and a huge 
psammoma-like body is present in the lumen. The CsA-induced psammoma-like bodies’ 
formation probably is not associated with a tumor, since there is no increase of cell 
proliferation; but it indicates dysfunction of absorption and/or release of substances by the 
epithelial cells. This histopathological alteration was also present at CsA+Ht group 
indicating that the infusion was not able to reduce the damage caused by CsA. 
Young et al. (1995a) observed that CsA (15mg/kg/day) increased the proliferation 
of tubular and interstitial cells in the kidney medulla after short-time treatments (5 and 10 
days); they observed a progressive increase in proliferation of tubular and interstitial cells 
in the fibrotic areas, with the maximum on day 26. In the present study, CsA-treatment, 
even after administration for 56 days, did not cause increase of the total number of 
proliferative cells of the cortex or medulla. However, after 56 days of treatment, there were 
areas of proliferative cells, as had been observed by Young et al. (1995a).  
In the present experiments, apoptotic cells rarely appeared in the kidney tissue. The 
treatment with CsA for 21 and 56 days did not alter the number of apoptotic cells; except 
for the increased number of apoptotic cells in the lumen of the kidney medulla after 21 days 




apoptosis of cortical epithelial cells that were eliminated into the lumen, dislocated along 
the tubules and detected in the medullar lumen at the 21
st
 day. Ling et al. (2003) observed 
apoptosis mainly in cortical tubular cells of mice treated with CsA, administered daily, 
subcutaneously, during 4 weeks, at a concentration of 30mg/kg. According to these authors, 
apoptotic cells were rarely seen in the kidney of control mice, as observed in the present 
study. 
The treatment with H. tomentosa for 21 and 56 days did not cause 
histopatological/morphometrial/stereological changes in kidney tissue. These results 
indicated that H. tomentosa was not toxic to the kidney. Previous studies have shown the 
absence of toxicity of H. tomentosa infusion on the ventral prostate (Freitas et al., 2013) 
and the testis (Monteiro et al., 2008).  
The alterations that were observed after treatment with only CsA (in both periods) 
were also present in the animals treated simultaneously with CsA and H. tomentosa 
infusion. Despite the reported efficiency of H. tomentosa infusion to avoid CsA-associated 
side effects in the testis (Monteiro et al., 2008) and ventral prostate (Freitas et al., 2013) 
benefits conferred by H. tomentosa against CsA damage to the kidney were not observed. 
However the simultaneous administration (CsA+H. tomentosa) did not accentuate the 
damage caused by CsA.  
The present work showed that CsA – administered by gavage in a therapeutic dose 
(15mg/kg bw) for 8 weeks – caused serious damage to the kidneys, especially considering 
the significant damage to cortical tubules and accumulation of substances in the 
juxtamedullary tubules segments with cellular loss. However when the CsA treatment was 
administered for a short time (21 days) did not caused alteration on final body weight or 




were observed after the simultaneous treatment with CsA and H. tomentosa indicating that 
the infusion did not accentuate nor attenuate the damage. The treatment only with H. 
tomentosa did not cause any alteration of kidney structure. 
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Table 1. Renal parameters of Wistar rats treated with Cyclosporin  A, Heteropterys tomentosa and both substances administered 
simultaneously for 21 and 56 days.  
Parameters 
Groups 
21 Days 56 Days 
CG CsA Ht CsA+Ht CG CsA Ht CsA+Ht 
Volumetric proportions (%) in the renal cortex      
Tubules 87.03 ± 2.0 85.97 ± 1.1 85.34 ± 1.1 85.81 ± 1.3 85.89 ± 1.6 85.61 ± 2.4 84.58 ± 2.0 85.43 ± 2.6 
Interstitium 7.00 ± 1.30 7.88 ± 1.57 8.35 ± 1.13 8.45 ± 1.23 7.78 ± 0.92 8.28 ± 1.21 8.44 ± 1.67 9.17 ± 2.72 
Glomerulus 5.97 ± 0.88 6.15 ± 0.71 6.31 ± 0.96 5.74 ± 0.63 6.32 ± 0.8
ab
 6.11 ± 1.32
ab
 6.97 ± 0.69
a
 5.40 ± 0.55
b
 
Volumetric proportions (%) on tubules        
Normal Epithelium 92.16 ± 1.80 91.37 ± 1.63 91.31 ± 3.66 87.73 ± 5.80 92.53 ± 2.25 92.27 ± 1.38 92.47 ± 1.49 92.34 ± 3.34 
Basophil Epithelium - - - - 00.00 ± 0.00
a
 1.44 ± 1.39
b
 0.00 ± 0.00
a
 1.49 ± 2.07
b
 
Lumen 7.84 ± 1.80 8.63 ± 1.63 8.69 ± 3.66 12.27 ± 5.80 7.47 ± 2.25 6.29 ± 1.16 7.53 ± 1.49 6.17 ± 1.99 
Morphometry          
Bowman's Capsule Diameter 
(BD) (µm) 99.11 ± 7.6 102.72 ± 5.8 105.71 ± 4.0 107.73 ± 7.0 94.07 ± 6.3 94.72 ± 11.4 97.51 ± 4.7 94.32 ± 8.7 
Glomerular capillary tuf 
Diameter (CD) (µm) 89.97 ± 6.9 92.79 ± 4.0 95.77 ± 3.5 97.48 ± 5.5 88.48 ± 5.7 88.14 ± 11.1 90.61 ± 4.5 87.49 ± 7.6 
Bowman's space Radius  (µm) 4.57 ± 1.31 4.97 ± 1.11 4.97 ± 0.57 5.13 ± 0.82 2.79 ± 0.45 3.29 ± 0.31 3.44 ± 0.78 3.41 ± 0.81 
Index of glomerular collapse 
(CD/BD) 0.91 ± 0.02 0.90 ± 0.02 0.91 ± 0.01 0.91 ± 0.01 0.94 ± 0.01 0.93 ± 0.01 0.93 ± 0.02 0.93 ± 0.01 
Glomerulus number per µm
2
 2.49 ± 0.18 2.51 ± 0.34 2.56 ± 0.36 2.47 ± 0.32 2.83 ± 0.40 2.61 ± 0.33 2.65 ± 0.41 2.23 ± 0.20 
Control group(CG); Cyclosporin A treated group(CsA); Heteropterys tomentosa infusion treated group(Ht); group treated simultaneously with 
CsA and H. tomentosa(CsA + Ht). Values are mean ± SD. In each row, values with different superscripts are significantly different (p<0.05). The 





Table 2. Apoptotic and proliferation indexes of renal tissue of Wistar rats treated with Cyclosporin A, Heteropterys tomentosa and 
both simultaneously for 21 and 56 days.  
Parameters 
Groups 
21 Days 56 Days 
CG CsA Ht CsA+Ht CG CsA Ht CsA+Ht 
APOPTOSIS         
Cortex         
Fields with apoptotic cells (%) 31.5 ± 8.8 28.5 ± 14.2 36.0 ± 13.5 27.5 ± 6.8 50.5 ± 17.4
ab
 59.5 ± 17.5
a
 34.37 ± 12.3
b
 47.5 ± 20.0
ab
 
Apoptotic cells per μm2 (x10-6) 4.74 ± 1.42 5.65 ± 4.21 6.95 ± 3.47 3.93 ± 1.02 14.27 ± 10.8 22.02 ± 11.5 7.87 ± 4.04 16.63 ± 17.8 
Medulla         
Fields with apoptotic cells (%) 61.5 ± 3.8 64.00 ± 1.4 64.5 ± 8.2 64.5 ± 6.5 81.5 ± 11.1 78.00 ± 12.9 74.37 ± 14.6 73.5 ± 5.2 
Apoptotic cells per μm2 (x10-6) 3.12 ± 1.23 4.31 ± 1.57 5.17 ± 3.99 3.98 ± 2.3 27.8 ± 19.9 30.5 ± 35.7 20.6 ± 18.8 15.6 ± 5.9 
         
PROLIFERATION          
Cortex         
Fields with proliferation cells (%) 95.0 ± 5.0 96.0 ± 4.18 87.0 ± 13.96 97.0 ± 4.47 91.0  ± 7.42 88.0 ± 12.04 90.0 ± 3.53 88.0 ± 14.40 
Proliferative cells per μm2 (x10-6) 35.1 ± 10.0ab 44.3 ± 17.5a 25.9 ± 10.2b 36.4 ± 10.8ab 33.5 ± 11.3 42.0 ± 24.3 27.9 ± 8.1 48.0 ± 21.0 
Medulla         
Fields with proliferation cells (%) 92 ± 13.04 96 ± 5.48 92 ± 10.95 90 ± 17.32 84 ± 15.17 92 ± 8.37 82 ± 21.68 94 ± 8.94 
Proliferative cells per μm2 (x10-6) 36.2 ± 20.0 31.4 ± 9.7 31.4 ± 12.5 34.2 ± 10.8 27.1 ± 7.8ab 25.41 ± 16.3ab 16.4 ± 9.7a 35.5 ± 13.2b 
Control group(CG); Cyclosporin A treated group (CsA); Heteropterys tomentosa infusion treated group (Ht); group treated simultaneously with 
CsA and H. tomentosa (CsA + Ht). Values are means ± SD. In each row, values with different superscripts are significantly different (p<0.05). The 







Figure 1. Final body weight (g) and body weight gain (g) (A and B); kidney weight (g) and 
kidney relative weight (%) (C and D) of Wistar rats: control, CsA-treated (CsA), H. 
tomentosa treated (Ht) and group treated simultaneously with CsA and H. tomentosa 
(CsA+Ht) for 21 (A and C) and 56 days (B and D). The values are means + standard 
deviation. In each column, values with different letters are significantly different (p<0.05) 





Figure 2. Representative kidney sections Hematoxilyn and Eosin stained. Image A shows 
normal renal cortex in the control group. Image B shows the renal cortex with basophilic 
epithelium (black square) typical of animals treated with CsA (together with H. tomentosa 
or not) for 56 days. Images C and D show higher magnification of the basophilic 
epithelium. In D, the epithelium vacuolization can be observed.  Bars: A and B=100µm; 










Figure 3. Representative kidney sections Hematoxilyn and Eosin stained. Images A and B 
show small casts (arrows) present in the juxtamedullary region of the kidney of animals 
treated with CsA for 21 days. Image C (and higher magnification in D) shows small casts 
present (arrows) in the kidney of an animal after the treatment with CsA for 56 days. Image 
E (higher magnification in F, G and H) shows huge casts (asterisks) present in kidneys of 
animals treated with CsA for 56 days. The arrowheads indicate altered epithelium. Bars: A, 





Figure 4. Psammoma-like bodies formation. Small accumulation starts in the epithelial cell 
cytoplasm (A). Due to the increased accumulation of substances, the nucleus became 
compressed in the cell base (arrow, B and C). The accumulation of substances causes cell 





Figure 5. Representative kidney sections stained with Masson’s trichrome. Image A 
represents the normal kidney cortex staining (control group) without fibrosis. B – E are 
images from the CsA treated group (56 days). Image B shows some fibrosis around the 
blood vessel. Fibrosis can be observed around damaged proximal tubes (C and detail in D). 
Alterations of poorly staining proximal tubules (indicating damage) can be observed in E. 




5.4 Structure of male reproductive organs of rats treated with 
Cyclosporin A and/or Heteropterys tomentosa. 
 
ABSTRACT 
Cyclosporin A is a widely used immunosuppressive drug. However it is associated 
with several side effects, among them, male reproductive dysfunction and damage to the 
testis and ventral prostate tissues. Heteropterys tomentosa is a native Brazilian plant that 
has antioxidant properties and reduces CsA side effects to the testis and ventral prostate 
structure. The present study aimed to evaluate the CsA effects to the testis, epididymis and 
ventral prostate after CsA administration for two different periods and determine whether 
H. tomentosa infusion modulates the CsA side effects to those organs. Wistar rats were 
treated with water (control group), CsA (15mg/kg/day) (CsA group), H. tomentosa infusion 
(Ht group) and CsA and H. tomentosa simultaneously (CsA+Ht group). The treatments 
were administered for 21 or 56 days. CsA treatment for 21 days did not alter any of the 
parameters studied. However after 56 days of treatment, CsA caused reduction of 
epididymis, ventral prostate and final body weights and body weight gain. Furthermore 
CsA administration for 56 days caused increase of epididymis cauda epithelium thickness 
and ventral prostate lumen. These CsA-related alterations were not present in the group 
treated simultaneously with CsA and H. tomentosa, indicating that the plant was able to 
diminush these CsA-induced alterations. 
 





Cyclosporin A (CsA) is a medicament used for immunosuppression of patients after 
organ transplantation or against autoimmune diseases. CsA hampers lymphocyte 
proliferation by inhibiting the transcription of genes for the Interleukin 2 (IL-2) 
codification; IL-2 is an essential protein for lymphocyte activation and proliferation 
(Matsuda et al., 2000; Langone, Helderman, 2004; Rezzani, 2004; Türk et al., 2007).  
Despite the CsA efficiency as an immunosuppressive drug and its extensive use, this 
drug is related to several side effects such as nephrotoxicity (Mason, 1990), hepatotoxicity, 
hypertension, hyperlipidemia, gingival hyperplasia (Lee, Canafax, 1996; Ready, 2004) and 
male reproduction dysfunction (Seethalakshmi et al., 1987; Seethalakshmi et al., 1990; 
Srinivas et al., 1998; Masuda et al., 2003; Monteiro et al. 2008; Türk et al., 2007; Freitas et 
al., 2012a; 2013a). The CsA-related side effects on male reproduction include damage to 
the testicular structure (Seethalakshmi et al., 1987; Seethalakshmi et al., 1990; Masuda et 
al., 2003; Monteiro et al., 2008), sperm production (Seethalakshmi et al., 1987) and ventral 
prostate structure (Freitas et al., 2012a). According to previous studies, these side effects 
seem to be related to the increase of oxidative stress (Türk et al., 2007; Turk et al., 2010). 
Several studies aimed to obtain a substance to avoid the undesirable CsA side 
effects. Heteropterys tomentosa (A. Juss.) is a Brazilian native plant that is popularly used 
as aphrodisiac. This plant has antioxidant properties (Mattei et al., 2001; Galvão et al., 
2011) and was efficient against the side effects of CsA on testis and ventral prostate tissue.  
Considering the side effects CsA-related and the H. tomentosa potential against 
them, this study aimed: (1) to evaluate the effects of CsA administered during 2 different 
periods on the testis, epididymis and ventral prostate structure; (2) determine if H. 
tomentosa interferes or not on the structure of testis, epidydimis and ventral prostate; (3) 
determine if H. tomentosa infusion can reduce the possible CsA-related side effects to those 
organs. 
  
MATERIALS AND METHODS 




Heteropterys tomentosa A. Juss. (sin. Heteropterys aphrodisiaca O.Mach., 
herbarium CPAP number 21625) was cultivated at the “Horto de Plantas Medicinais da 
Embrapa Pantanal” (Corumbá, Brazil). The roots of H. tomentosa were collected, dried 
(room temperature) and ground. The infusion was prepared adding 75.76mg (per kg of 
body weight) of ground roots in 100mL of boiled water. The infusion was maintained 4 
hours at room temperature and filtered. According to Marques et al. (2007) the water is the 
best extractor for solid substances from H. tomentosa roots. The procedure to prepare H. 
tomentosa infusion was according that used for previous authors (Monteiro et al., 2008; 
Gomes et al., 2011; Monteiro et al., 2011; Freitas et al., 2012a; 2013a). 
Cyclosporin A (Sandimmun Neoral®, Novartis Pharma AG, Switzerland) was 
commercially obtained (Monteiro et al., 2008; Freitas et al., 2012b; 2013a). 
 
Treatment protocol and Experimental groups 
Eight weeks old Wistar rats (Rattus norvegicus albinus) were obtained from the 
Center for Biological Investigation - CEMIB (State University of Campinas, Campinas, 
Brazil).  
Two experiments were made in which the animals were treated during 21 days or 
56 days. In both experiments the groups were identical. 
In each experiment the animals were randomly divided into four groups (n=5 in 
each): CG (control group) received 0.5mL distilled water; CsA (CsA-treated group) 
received 15mg/kg bw/day of CsA diluted in 0.5mL of distilled water; Ht (H. tomentosa 
treated group) received 0.5mL of H. tomentosa infusion; and CsA+Ht (group treated 
simultaneously with CsA and H. tomentosa infusion) received dose of CsA (15 mg/kg 
bw/day) diluted in 0.5mL of infusion. The treatments were administered daily, by gavage.  
The animals were maintained under standard conditions with 12h light: 12h dark 
and provided with commercial chow and water “ad libitum”. The treatment protocol was 
according the recommendations of the Brazilian Society of Laboratory Animals Sciences 




The experimental protocol and treatments were prepared according to previous 
studies (Monteiro et al., 2008; Gomes et al., 2011; Monteiro et al., 2011; Freitas et al., 
2012a; Freitas et al., 2012b; Freitas et al., 2013a) 
Biological material collection and preparation for microscopy analysis 
After the treatment period, the animals were weighed and anesthetized by 
intramuscular injection of Xylazine and Ketamine (5 and 80 mg/kg of body weight). The 
testis, epididymis, ventral prostate, coagulating gland and seminal vesicle were collected 
and weighted. Testis, epididymis and ventral prostate were fixed in 4% paraformaldehyde 
solution (for 24 hours), processed according to routine methods and included in paraffin 
(Histosec®, Leica). The organs were sectioned (5 µm thickness) and hematoxylin/eosin 
stained.  
Biometry  
The body weight gain was calculated by subtracting the final body weight from the 
animals’ initial body weight. The absolute weight of the testis, epididymis and ventral 
prostate were obtained. The relative weight was calculated dividing the absolute weight for 
the body weight and multiplying the result by 100. 
  
Testis morphometry  
The seminiferous tubular diameter and seminiferous epithelium height were 
measured in 10 transversal sections of seminiferous tubule per animal, using images 
obtained with 20x objective. In each transverse section of seminiferous tubules were 
obtained two diameters (perpendicularly traced) and four epithelium height (opposite sides) 






The epididymis epithelium height was obtained for two distinct regions of this 
organ: caput and cauda. In each epididymis region 10 epithelium heights were measured in 
10 images obtained under 40x objective (adapted from  Capucho et al. (2012)). 
 
Ventral Prostate morphometry and stereology 
All the ventral prostate tissue analyses were made at the intermediary region of this 
organ to avoid false results.  
Ventral prostate epithelium height was measured in 10 images (captured with 100x 
objective) per animal. Ten epithelium heights were measured per image. The ventral 
epithelium height was the mean of the 100 measurements of that animal (Freitas et al., 
2012a; Freitas et al., 2012b; Freitas et al., 2013a). The same protocol was used to 
determine the muscular stroma thickness. 
The proportion of ventral prostate constituents (epithelium, lumen, muscular 
stroma) was calculated using a grid with 130 intersections. The intersections under each 
prostate constituent were counted. 10 images were analyzed per animal (200x 
magnification). The ventral prostate density is considered 1 by previous authors (Huttunen 
et al., 1981), thus we considered the ventral prostate volume equal to the ventral prostate 
absolute weight. We used the ventral prostate volume and the proportion of the tissue 
constituents to calculate the volume of ventral prostate epithelium, lumen and muscular 
stroma (Freitas et al., 2012a; Freitas et al., 2012b; Freitas et al., 2013a).  
 
Statistical analyses  
The quantified parameters were compared among the groups using the Kruskal 
Wallis Multiple Comparison test. The significance was 95%; all analyzes were employ 






RESULTS AND DISCUSSION 
Several studies regarding the effects of CsA on male reproduction and testicular 
structure are present in the literature, however the results remain contradictory. Studies 
about the effects of this drug on ventral prostate structure remain scarce (Freitas et al., 
2012a; 2013a); and no study regarding the effect of CsA on epididymis structure was 
found. 
Body weight is assessed to verify the CsA effect to the animals’ health 
(Seethalakshmi et al., 1987; Freitas et al., 2013a). The treatment with CsA for 21 days did 
not alter the animals’ final body weight or body weight gain (Table 1). However after 56 
days of treatment the animals of the CsA group had lower final body weight and body 
weight gain, when compared to the control (Table 1). This result was not observed in the 
animals treated simultaneously with CsA and H. tomentosa indicating that H. tomentosa 
administration alleviates this CsA-associated side effect. Freitas et al. (2013a) also 
observed that CsA administration caused reduction of Wistar rat body weight gain; those 
authors confirmed that this alteration was not present in animals treated simultaneously 
with CsA and H. tomentosa during 56 days. 
In the present study, the treatment with CsA for 21 or 56 days did not alter testicular 
absolute or relative weight (Table 1). These results are similar to previous studies reported 
in literature after CsA (15mg/kg/day) administration for 21 (Türk et al., 2007) or 56 days  
(Monteiro et al., 2008; Freitas et al., 2012a; 2013a). The absence of alteration of testicular 
weight probably is due to the low dose administered. Srinivas et al. (1998) observed that 
the administration of 10mg/kg/day of CsA to Wistar rats did not alter the testicular weight 
while the administration of 20 mg/kg/day of the drug significantly reduced this parameter.  
CsA administration for 21 days did not alter epididymis and ventral prostate weight. 
In the meantime CsA administered for 56 days caused reduction of epididymis and ventral 
prostate weight when compared to the control (p=0.02 and p<0.01, respectively) (Table 1). 
The absence of alteration of these parameters after CsA administration for 21 days 
suggested that these are time-dependent effects of CsA. The reduction of ventral prostate 




administration (15mg/kg/day) for 56 days. The reduction on the epididymis and ventral 
prostate weight observed in the present study can be related with testosterone level 
reduction (Seethalakshmi et al., 1990; Freitas et al., 2013a). The animals treated with CsA 
along with H. tomentosa infusion did not show significant reduction of epididymis and 
ventral prostate weight when compared to the control even after 56 days of treatment 
(Table 1) It indicates that the organs weight reduction caused by CsA was alleviated by H. 
tomentosa administration. These results confirm the finding of  Freitas et al. (2013a) that 
observed that H. tomentosa counteracts the weight reduction of epididymis and ventral 
prostate caused by CsA. 
The seminiferous tubule diameter and seminiferous epithelium thickness were not 
affected by the treatment with CsA, H. tomentosa or both, administered for 21 or 56 days 
(Figure 1). These results are similar to the previous findings by Monteiro et al. (2008). In 
the present study, the testis ultrastructure was not analyzed, however,  Monteiro et al. 
(2008) observed that CsA administration (15mg/kg per day) for 56 days caused alterations 
of the Wistar rats’ testis which were observed only ultrastructurally. These authors 
observed structurally altered Leydig cells, Sertoli cells with cytoplasmic vacuoles and large 
lipid droplets as well as damage to the germ cells (Monteiro et al., 2008). Türk et al. (2007) 
observed that the treatment with CsA (15mg/kg/day) subcutaneously injected for 21 days 
caused reduction of seminiferous tubule diameter and seminiferous tubule epithelium; these 
authors also observed histopathological alterations caused by CsA to the testis structure. 
According to the authors this damage caused by CsA is due to the direct or indirect 
impairment of maturation or release of spermatozoa, probably caused by oxidative stress 
(Türk et al., 2007).  
The treatment with CsA, H. tomentosa or both, for 21 days, did not alter the 
epithelium thickness of epididymis caput or cauda, when compared to the control group 
(Figure 2). After 56 days of treatment, there was no alteration of the caput epithelium 
thickness; however, the treatment with CsA and CsA+Ht for 56 days caused significant 
thickening of the cauda epithelium when compared to the control group (p=0.01 and 0.02 
respectively) (Figure 2). No previous study reported the effects of CsA on epididymis 




toxic effect caused by cadmium administration (Herak-Kramberger et al., 2000; Predes, 
2010). According to Herak-Kramberger et al. (2000) the structural alterations caused by 
cadmium to epididymis epithelium are related to the reduction of the level of testosterone 
circulation. The epididymis’ reproductive functions include maturation of sperm surface 
antigens, sperm storage, resorption of fluids and secretion of molecules (Creasy, 2001). 
Alteration on the epididymis epithelium can be related to impairment of male fertility 
(Herak-Kramberger et al., 2000; Predes, 2010). 
The morphometry and stereology of the ventral prostate tissue did not show 
alteration caused by the treatments administered for 21 days (Table 2). The administration 
of CsA, Ht or both simultaneously for 56 days did not alter the ventral prostate epithelium 
as well as muscular stroma thickness and the volumetric proportions of the ventral prostate 
epithelium and lumen. The treatment with CsA for 56 days increased the volumetric 
proportion of stroma when compared to the control (p=0.02). This result is probably due to 
the not significant reduction of the lumen volumetric proportion, since a reduction the 
lumen volume (p=0.02) can be observed in the CsA group (56 days) when compared to the 
control (Table 2). These alterations caused by CsA are present only in the group treated 
with CsA for 56 days, indicating a dose-dependent effect; furthermore those alterations 
were not present at CsA+Ht group (56 days) indicating that H. tomentosa infusion could 
counteract the CsA effect on the ventral prostate.  Freitas et al. (2012a) observed that CsA 
administered for 56 days caused ventral prostate epithelium atrophy that did not occur after 
CsA and H. tomentosa simultaneous treatment.  
The treatment with H. tomentosa did not caused alteration of the parameters 
analyzed except for an increase of epididymis absolute and relative weights observed in the 
Ht group treated for 21 days. Monteiro et al. (2008) and  Freitas et al. (2012b) did not 
observed alterations caused by H. tomentosa (administered for 56 days) in the testis, 
epididymis and ventral prostate weights. H. tomentosa did not caused alterations of the 
testis morphometry or Leydig cells stereology. Monteiro et al. (2008) did not observed 
alterations caused by H. tomentosa on testis components volume, nor volumetric 
proportions of testis interstitium components. However, the authors observed that H. 




al., 2008). As observed in the present study, Gomes et al. (2011) observed that H. 
tomentosa did not alter the seminiferous tubule diameter or germ epithelium height. 
In the present study, CsA administration for 56 days caused: reduction of final body 
weight, body weight gain, epididymis and ventral prostate weights, as well as thicker 
epididymis cauda epithelium and an increase of the ventral prostate lumen. These 
alterations were not caused by CsA administrated for 21 days. These results suggested that 
CsA side effects are time-dependent. Furthermore these statistically significant alterations 
observed in the CsA-treated group were ameliorated in the CsA+Ht group, although this 
result was not statistically different when compared to the control group. These results 
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Table 1. Body and organs biometrical parameters of Wistar rats treated with water (control), CsA, H. tomentosa infusion or CsA+H. 
tomentosa infusion for 21 or 56 days.  
Parameters 
Groups 
21 Days 56 Days 
CG CsA Ht CsA+Ht CG CsA Ht CsA+Ht 
Body weight gain (g) 106.4 ± 22.4 107.4 ± 16.8 104.0 ± 8.0 91.4 ± 12.4 214.8 ± 14.2
a
 161.4 ± 29.3
b
 183.6 ± 23.6
b
 189.0 ± 36.9
ab
 
Final body weight (g) 357.2 ± 44.9 364.4 ± 30.7 358.0 ± 16.0 348.4 ± 16.6 465.2 ± 21.4
a
 411.8 ± 39.0
b
 435.2 ± 20.9
ab
 439.8 ± 39.1
ab
 
         
Weight (g)         



























         
Relative weight (%)         

























 0.22±0.02 0.23±0.03 0.22±0.01 0.22±0.01 
Ventral Prostate  0.09±0.01 0.08±0.01 0.12±0.06 0.09±0.02 0.07±0.01 0.05±0.02 0.06±0.01 0.07±0.02 
Control group (CG), Cyclosporin A treated group (CsA), Heteropterys tomentosa treated group (Ht) and group with simultaneous treatment of CsA and H. 
tomentosa (CsA+Ht). The values are mean ± SD. In each row, values with different superscripts are significantly different (p<0.05) by Kruskal Wallis Multiple 











Table 2. Ventral prostate parameters of Wistar rats treated with water (control), CsA, H. tomentosa infusion or CsA+H. tomentosa 
infusion for 21 or 56 days.  
Parameters 
Groups 
21 Days 56 Days 
Control CsA Ht CsA+Ht Control CsA Ht CsA+Ht 
Epithelium thickness (µm) 21.19±1.16 20.97±0.88 19.80±2.76 19.31±3.67 17.04±2.60 16.96±2.02 17.65±2.74 17.00±3.09 
Muscular  thickness (µm) 6.21±0.73 5.89±0.62 5.67±0.68 5.63±0.78 5.86±1.07 6.93±1.04 6.03±0.71 6.45±0.67 
Epithelium proportion (%) 22.81±4.86 21.07±7.60 17.48±5.45 20.55±4.03 16.57±5.24 19.17±2.30 20.10±5.74 15.78±3.70 
Lumen proportion (%) 65.43±3.92 67.22±12.02 72.66±6.36 70.60±7.00 76.95±5.82 71.53±3.13 71.55±7.47 76.95±3.29 









Epithelium volume (ml) 0.07±0.03 0.06±0.02 0.07±0.03 0.07±0.02 0.05±0.01 0.05±0.01 0.06±0.02 0.05±0.02 









Stroma volume (ml) 0.04±0.01 0.03±0.02 0.03±0.03 0.03±0.01 0.02±0.00 0.02±0.01 0.02±0.00 0.02±0.01 
Control group (CG), Cyclosporin A treated group (CsA), Heteropterys tomentosa treated group (Ht) and group with simultaneous treatment of CsA and H. 
tomentosa (CsA+Ht). The values are mean ± SD. In each row, values with different superscripts are significantly different (p<0.05) by Kruskal Wallis Multiple 















































































































































































































































































































































































































































5.5. Evidence that Heteropterys tomentosa does not alter the 




 Cyclosporin A (CsA) is a widely used immunosuppressive drug. However, 
diverse side effects occur when it is administered. Several researchers have attempted to 
find substances that reduce CsA undesirable side effects. Despite the diversity of studies in 
the literature that confirm the efficiency of different substances against CsA-related side 
effects, few investigations have been made to determine whether such substances alter CsA 
immunosuppression. Heteropterys tomentosa is a Brazilian medicinal plant efficient against 
CsA side-effects in the testis, ventral prostate and liver. However, the implication of H. 
tomentosa administration simultaneously with CsA on immunosuppression has not been 
analyzed. Thus, we aimed to evaluate the effects of simultaneous CsA and H. tomentosa 
treatment on CsA immunosuppression. The present study confirms that CsA administration 
for 21 or 56 days reduced the number of lymphocytes in the peripheral blood. Furthermore 
the drug caused reduction of thymus medulla and alteration of the cortex. These effects 
were present even after the simultaneous treatment with H. tomentosa and CsA indicating 
that the medicinal plant did not alter CsA-induced immunosuppression. 
 











Cyclosporin A (CsA) is a peptide isolated from the fungi Tolypocladium inflatum 
Gams and Cylindrocarpon lucidum Booth (Wenger, 1990). This is a polypeptide with 11 
aminoacids; it is hydrophobic, weighing approximately 1200 Daltons (Borel, Kis, 1991). 
CsA has immunosuppressive properties and is widely used against graft rejection and 
autoimmune diseases. Administration of this drug decreases the morbidity, rejection 
episodes and hospitalization days in transplanted patients (Cid et al., 2003). Cyclosporin A 
reduces T-lymphocyte proliferation by inhibiting Interleukine-2 production (Rezzani, 
2004). 
 Despite the wide use of CsA, it is associated with several side effects; among them: 
testicular disorders (Türk et al., 2007; Monteiro et al., 2008), prostate tissue injuries 
(Freitas et al., 2012a), hyperlipidemia (Vaziri et al., 2000; Bergman et al., 2006), 
hyperglycemia (Neto et al., 1999; Freitas et al., 2012a), cardiotoxicity (Rezzani et al., 
2005b; Rezzani et al., 2006), hepatotoxicity (Durak et al., 2004; Hagar, 2004; Kurus et al., 
2008) and nephrotoxicity (Mason, 1990). Due to the importance of CsA as an 
immunosuppressive drug, several studies aimed discover a substance that could reduce 
CsA-associated side effects. However it has not been common to evaluate whether these 
substances also alter CsA-induced immunosuppression.  
Heteropterys tomentosa (A. Juss.) is a native Brazilian medicinal plant that is 
popularly used in Brazil as an aphrodisiac, against nervous debilities and breakdown 
(Corrêa, 1984; Pott, Pott, 1994) and as hypoglycemiant in the treatment of diabetes (Neto, 
Morais, 2003; Macedo, Ferreira, 2004). This medicinal plant has been employed in 
research against CsA-side effects in the testis (Monteiro et al., 2008), ventral prostate 
(Freitas et al., 2013) and hepatotoxicity parameters (Freitas et al., 2013). Since the main 
effect of CsA is the selective immunosuppression of T lymphocytes, we aimed to evaluate 
the effects of CsA on cell numbers in peripheral blood and the thymus tissue structure. The 












MATERIAL AND METHODS 
Heteropterys tomentosa 
Heteropterys tomentosa A. Juss. (sin. Heteropterys aphrodisiaca O. Mach., 
herbarium CPAP number 21625) was collected in the “Horto de Plantas Medicinais da 
Embrapa Pantanal” (Corumbá, Brazil). The plant was cultivated with controlled 
conditions of soil, fertilization and irrigation without pest control. The roots of H. 
tomentosa were dried (room temperature) and ground. The infusion was prepared using 
75.76mg (per kg of body weight) of ground roots in 100mL of boiled water and then 
allowed to steep during 4 hours. After that, the infusion was filtered. Water was considered 
by Marques et al. (2007) the best extractor for solid substances from H. tomentosa roots. 
The infusion was administered orally (0.5ml by gavage) to the animals. This protocol to 
prepare and administer the infusion was chosen because it was used by various authors in 
previous treatments of Wistar rats (Monteiro et al., 2008; Gomes et al., 2011; Monteiro et 
al., 2011; Freitas et al., 2012b; Freitas et al., 2013). 
 
Cyclosporin A (CsA) 
Cyclosporin A (Sandimmun Neoral
®
, Novartis Pharma AG, Switzerland) was 
obtained commercially. This drug was administered by gavage to the rats (dose of 15mg/kg 
of body weight). The dose of CsA used is considered therapeutic and was used previously 
by other authors (Monteiro et al., 2008; Freitas et al., 2012; 2013). 
 
Experimental groups 
 Wistar rats (Rattus norvegicus albinus), eight weeks old, were obtained from the 
Center for Biological Investigation - CEMIB (State University of Campinas, Campinas - 
SP, Brazil).  
Twenty animals were randomly divided into four groups (n=5 in each): Control 
group (CG) received 0.5mL distilled water; CsA-treated group (CsA) receiving the dose of 








of H. tomentosa infusion; and the group treated simultaneously with CsA and H. tomentosa 
infusion (CsA+Ht) received the dose of CsA diluted in 0.5mL of infusion. The treatments 
were administered daily, by gavage, for 21 days.  
Another experiment with the same experimental groups (CG, CsA, Ht and 
CsA+Ht, n=5 in each) was carried out with daily treatment by gavage, for 56 days. 
The animals were maintained under standard conditions with 12h light: 12h dark 
and provided with commercial chow and water “ad libitum”. The treatment protocol was 
according the recommendations of the Brazilian Society of Laboratory Animals Sciences 
(SBCAL/COBEA – #2295-1).  
 
Material Biological collection 
The animals were anesthetized by intramuscular injection of Xylazine and Ketamine 
(5 and 80 mg/kg of body weight). Blood samples were collected by cardiac puncture using 
Vacuette
®
 tubes containing EDTA. The rats’ thymuses were collected and fixed as 
described below.  
 
Leukocyte count 
The blood samples were sent to VetPat laboratories (Campinas, Brazil) for 
leukocyte count. The cells were counted using the automatic cell counter POCH – 100 IV 
DIFF (Roche and Sysmex). Leukocyte differentiation was carried out using a panoptic 
staining smear observed under light microscopy (100x objective); 100 leukocytes were 
observed per animal. 
 
Light microcopy and stereological analysis  
Thymus’ fragments were immersed in 4% paraformaldehyde solution, during 24 
hours, for fixation. After that, they were routinely processed and included in paraffin 
(Histosec
®
, Leica). The tissue was sectioned in slices of 5µm and stained with hematoxylin 
and eosin. Histopathological analysis was applied. 
For stereological analysis, 10 images of randomly captured thymus tissue were 








lymphoid tissue (connective tissue) were estimated using a grid with 130 intersections over 
each image (Baptista, 2008). For microscopy, four animals were analyzed per group, except 




Nonparametric test (Kruskal Wallis Multiple Comparison), with 95% of 
significance, was performed using the software Minitab 16. The values are shown as mean 
± standard deviation (SD). 
 
RESULTS AND DISCUSSION 
Several substances were scientifically studied and their efficiency in reducing CsA-
induced side effects have been proven. Melatonin (Mun, Suh, 2000), green tea (Mohamadin 
et al., 2005),  provinol (Buffoli et al., 2005), carvedilol (Kotolová et al., 2006), taurine 
(Hagar et al., 2006), L-propionylcarnitine (Origlia et al., 2006) lipoic acid (Amudha et al., 
2006) and Allium ascalonicum (Wongmekiat et al., 2008) are among the substances 
efficient against CsA-induced nephrotoxicity. Vitamin E (Andres, Cascales, 2002) and 
melatonin (Rezzani et al., 2005a) are related with reduction of CsA-induced hepatotoxicity. 
Licopene (Türk et al., 2007) was efficient to reduce the testicular impairment caused by 
CsA. The efficiency of silibinin and melatonin was also confirmed against CsA-related 
pancreas toxicity and cardiotoxicity, respectively (Von Schonfeld et al., 1997; Rezzani et 
al., 2006).  H. tomentosa was efficient against CsA-impairment of the testis  (Monteiro et 
al., 2008), ventral prostate and in reducing the alterations caused by CsA on biochemical 
markers of hepatotoxicity  (Freitas et al., 2013).  
Despite the efficiency of melatonin against the CsA-associated side effects to the 
kidney  (Mun, Suh, 2000), heart (Rezzani et al., 2006) and liver (Rezzani et al., 2005a), 
Rezzani et al. (2001) observed that melatonin treatment antagonized CsA 









Liver and kidney analyses of the same animals used in the present study did not 
reveal protection afforded by H. tomentosa against the CsA-related side effects to the liver 
and kidney (Freitas et al. unpublished chapter 5.2 and 5.3). However H. tomentosa reduced 
the CsA-effect to the body, epididymis and ventral prostate biometry and normalized the 
CsA-related alteration to the epithelium of epididymis cauda and ventral prostate lumen 
(Freitas et al. unpublished chapters 5.4). 
CsA, administered for 21 days, caused reduction of 39.7% and 38.9% of leucocyte 
number in CsA and CsA+Ht groups, respectively, when compared to the control (p=0.04 
and 0.03, respectively) (Figure 1A). The CsA-induced reduction of leukocyte number 
observed after 56 days of treatment was 52.9% and 47.6% respectively, of CsA and 
CsA+Ht groups, when compared to the control (p=0.01 and 0.02, respectively) (Figure 1B). 
In all cases, the reduction of leucocyte number was due to the reduction of lymphocytes, 
since there was no reduction in the number of segmented leucocytes, eosinophils, 
monocytes and basophils. The reduction of lymphocyte number in CsA and CsA+Ht groups 
(21 days) was 47.1% and 48.6%, respectively, when compared to the control (p=0.01 and 
0.01, respectively). After 56 days, the reduction was 65.5% and 66.5% in CsA and CsA+Ht 
groups, respectively, when compared to the control group (p=0.004 and 0.03, respectively). 
These results confirm that immunosuppression is caused by CsA administration in a 
therapeutic dose (15mg/kg/days) administered for 21 or 56 days. Immunosuppression was 
observed even after the simultaneous administration of CsA and H. tomentosa.  
The rat’ normal thymus has a well-developed cortex and medulla (Figure 3). In the 
cortex, the majority of the cell population is of lymphocytes (Rezzani et al., 2001). The 
medulla has small number of lymphocytes and a great amount of epithelial reticular cells 
(Rezzani et al., 2001).  The reticular cells have processes that extend around the 
thymocytes (Rezzani et al., 2001). 
 In the present study, the treatment with CsA drastically reduced the thymus’ 
medulla in all groups treated with this drug (Figure 2 and 3). The thymus’ medulla 
volumetric proportion reduced from 30.46% in control group to 2.35% after CsA 








CsA administration (Figure 2). Identical reduction of the medulla was observed in the 
animals treated simultaneously with CsA and H. tomentosa (Figure 2 and 3).  
The thymus’ cortex of CsA-treated animals also presents spaces around the reticular 
cells, probably due to the reduction of the lymphocyte population (Figure 4). The presence 
of cells with pycnotic nuclei in the thymus of CsA-treated animals indicated CsA-induced 
apoptosis (Figure 4). These alterations were also present after simultaneous treatment with 
CsA and H. tomentosa. Previous studies have also reported thymus medulla reduction 
caused by CsA administration (Beschorner et al., 1987; Kanariou et al., 1989; Rezzani et 
al., 2001). However, according with these authors, the treatment with CsA did not alter the 
thymus cortex. According to Kanariou et al. (1989) the thymus cortex of animals treated 
with CsA remained indistinguishable from the control even after 6 weeks of drug 
administration. On the other hand Damoiseaux et al. (2002) observed that CsA 
administration strongly increased the number of apoptotic thymocytes in the thymus cortex. 
In the present study the CsA administration for 21 or 56 days not only caused reduction of 
the thymus medulla, but also altered the thymus cortex, including cell apoptosis. The 
alterations of thymus’ cortex morphology of the animals treated with CsA can be related to 
the reduction in the number of lymphocytes. 
The present study confirms immunosuppression caused by CsA administered orally, 
in therapeutic doses, for 21 or 56 days. The results also confirmed that the simultaneous 
treatment with H. tomentosa and CsA did not alter the CsA-induced immunosuppression. 
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Figure 1. Number (per μL of blood) of total leukocytes and subtypes (segmented, 
lymphocytes, eosinophils and monocytes) of animals from control group (CG), CsA-treated 
group (CsA), Heteropterys tomentosa treated group and CsA and H. tomentosa 
simultaneously treated group. In each column, different superscripts are significantly 




































































































































































































































Figure 3. Thymus (hematoxylin and eosin stained) of control (A and B), CsA-treated (C 
and D), H. tomentosa-treated (E and F) and CsA and H. tomentosa treated animals (G and 
H). The treatments were administered for 21 (A, C, E and G) and 56 days (B, D, F and H). 
The thymus of control and H. tomentosa animals (A, B, E and F) had normal morphology 
with well-developed medulla (m); while the thymus of CsA and CsA+H. tomentosa treated 










ure 4. Thymus’ normal morphology (A) and thymus of CsA treated animals (B, C and D). 
The arrows are reticular cells. The thymus of CsA treated animals present lacunae 


















6. CONCLUSÕES FINAIS 
 
 Dentre os órgãos estudados o rim foi o que apresentou maiores danos 
causados pela CsA. 
 
 Os efeitos da CsA no rim, epidídimo e próstata ventral foram tempo-
dependentes.  
 
 A infusão de H. tomentosa, administrada por 21 dias, causou leves 
efeitos no fígado, entretanto não foram observados efeitos no rim, testículo, 
epidídimo, próstata ventral e timo. 
 
 A infusão de H. tomentosa foi capaz de reduzir os efeitos causados 
pela Ciclosporina A no epidídimo e próstata ventral. 
 
 A Ciclosporina A foi eficiente na imunossupressão, mesmo quando 
administrada por 21 dias. O tratamento simultâneo de CsA com H. tomentosa não 
interferiu na capacidade imunossupressora da droga. 
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7. ANEXOS 
 
